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;t. SCOPE ni'fD PURPOSE 

HIE QM-1 IS a HIGH-SPEED GENEPRL-PURPOSE DIGITRL COMPUTER THRT OPERATES UNDER 
TWO LEVELS OF tllCROPROGRSJI CONTROL. THE UNIQUE DESIGN OF THE QM-1 SUPPORTS R 
SVSTEM OF SOFTWRRE-CREBTED USER LEVELS, WHEREBV USERS RT DIFFERENT LEVELS 
flPPRORCH RRCHITECTURE, HRCHINE LRh'GURGE, RND PROGRRMMING IN WflVS MOST SUITED TO 
THEIR Oim SPECIFIC REQUIREMENTS OF THE HfiRDRRRE. THE PRESENT DOCUMENT EXPLRINS 
•iHESE CONCEPTS RND DEFINES THE QM-i RS IT RPPERRS TO THE "HRRDWRRE-LEVEL" USER. 

iHE "HRRDWRRE-LEVEL" USER RPPRORCHES R PROGRRMMING INTERFACE NHOSE FUNCTIONRL 
PBRTS CORRESPOND TO THE FfiCILITIES PROVIDED BV THE PHVSICRL QM-1 COMPUTER 
ITSELF. NITHOUT RNV RESTRICTIONS TO THE FULL GENERRLITV OF THE HRRDNRRE IMPOSED 
PV PRE-DEFINITION OF THE CONTENTS OF RNV OF THE MRCHINES CONTROL MEMORIES. 
UVEN THE CONTENTS OF THE RERD-ONLV MEMORIES, INCLUDED FOR MRCHINE BOOTSTRRP RND 
DIRGNOSTIC PURPOSES, MRV BE PROGRRMMED BV THIS USER.- THE HRRDWRRE-LEVEL USER-' S 
MRNURL, WHILE NOT RN ENGINEERING OR MftlNTENRNCE DOCUMENT, IS THUS ORIENTED 
TOWRRD THE «M-i USER WHOSE PURPOSE IS TO DEFINE HIS OWN COMPUTER STRRTING RT 
•|HE LOWEST POSSIBLE LEVEL. 
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;?. INTRODUCTION TO NICROPROGRRMHI NQ AND THE Qtl-i 

.!;VC:RV PROORBIimBLE DEVICE. OR "iinCHINE'S POSSESSES RN RRCHITECTURE RND RN 

JHSTRUCTIOH SET. THc RRCHITECTURE IS ITS SVSTEM OF COriPONENTS RND THEIR 

JHTERCONHECTIOKSi IN THi CRSE OF n COMFUTER. RRCHITECTURES RRE DESCRIBED 



IH TERMS 
f-; HRCHIHi 



U t' j:> ' u '\ ir, b . 

INS 



KLl 



CTC 



JU I 



T n 



L' !"!? 



TERS.. RRITHMETIC-LOGIC UNITS. DRTR PRTHS. ETC. 

R COMMRND (■^HICH CRUSES ELEilEHTS OF THE RRCHITECTURE 



TO OPERRTE IN SOME PREDETERMINED MRNNERi THE INSTRUCTION SET OF R i-iRCHINE 
IS SIMPLV R LIST OF RLL INSTRUCTIONS WHICH THE MRCHINE RECOGNIZES. 



USING THESE BRORD DEFINITIONS 
flWD THE SIMPLIFIED MODEL OF R 
COMPUTER SHOWN IN FIGURE 2R. 
H DISCUSSION OF THREE PKRSES 
OF THE "INSTRUCTION SEQUENCE" 
PROVIDES R BRSIC EXPLRNRTICN 
OF COHPUTER OPERRTION. 



INSTRUCTION FETCH 



INPUT > 
/ 



llflIN STORE <HEMORV> 



I INSTRUCTIONS I 



I DRTR I 



S 

OUTPUT :> 
/ 



EQUENCES OF MRCHINE INSTRUCTIONS, 
N THE FORM OF BINRRV NUMBERS, RRE 
VPJCRLLV STORED IN CONTIGUOUS 
CCRTIONS IN MR IN STORE < MEMORY > J 
NSTRUCTION EXECUTION IS INITIRTED 
V FETCHING R MRCHINE INSTRUCTION 
ROM R GIVEN LOCRTION IN MEMORV 
HO PLRCING IT INTO RN INSTRUCTION 
EGISTER. THE MEMORV RDDRESS FROM 
HIGH TO FETCH RN INSTRUCTION IS 
ONTRINED IN RN INSTRUCTION 
OCRTION COUNTER REGISTER, OFTEN 
RLLED R PROGRRM COUNTER; PRRT 
F THE EFFECT OF EVERY INSTRUCTION 
S TO UPDRTE THIS REGISTER TO 
OIKT TO THE SUCCESSOR INSTRUCTION, 
ND THEN TO BEGIN THE MEMORV 
ETCH FOR THE NEXT SEQUENTIRL 
NSTRUCTION. 



I 
CPU SUPPLIES I 



ADDRESS FOR 


I I 


I 




SINGLE WORD 


I 1 


I 




TRfiNSFERS 


T T 


T 






\ / 


I 






\/ 


I 





/\ 

/ S CONTROL UNIT 
SIGNRLS MR IN 
STORE, 10 UNITJ 
RND OTHER CPU 
FUNCTIONS 



CENTRRL PROCESSING UNIT I 
(CPU) I 



I REGISTERS.. I 

CONTROL I SHIFTERS, I 

UNIT I TEST UNITS, I 

I ADDERS, ETC. I 



BLOCK DIRGRRM OF A COMPUTER 
FIGURE 2A 
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INSTRUCTION DECODE 

n PORTION OF THE COmENTS OF THE INSTRUCTION REGISTER IS DESIGNBTED fiS THE 
DPERHTIOH CODE. THIS BINflRV HUHBER IS DECODED BV THE CONTROL UNIT TO SELECT 
flHONG fi NUMBER OF MODULES. EfiCH OF WHICH IS RESPONSIBLE FOR RCCOMPLISHING 
THE EFFECT OF ONE OF THE INSTRUCTIONS IN THE COMPUTER'S INSTRUCTION SET. RS 
WILL BE SHOUH LRTER. THE METHOD OF DECODING AND THE NATURE OF THESE MODULES 
IS CRITICRL TO THE DEFINITION OF MICROPROGRRMMING. 

INSTRUCTION EXECUTION 

THE ULTIMRTE EFFECT OF RNV INSTRUCTION-EXECUTION MODULE IS THE GENERRTION 
OF ELECTRICRL SIGNRLS TO THE VRRIOUS COMPUTER COMPONENTS. 

;.^ i BRSIC INSTRUCTION SEQUENCE 

THESE THREE PHRSES OF INSTRUCTION FETCH. DECODE. RND EXECUTE. FORM THE BRSIC 
INSTRUCTION SEQUENCE <0R "INSTRUCTION CVCLE">. RFTER INITIRL STRRT-UP. RLL 
COMPUTERS FOLLOW RN INSTRUCTION SEQUENCE SIMILRR TO THAT ILLUSTRATED IN 
FIGURE 2B. 



I INSTRUCTION !• 
I LOCRTION I 
I COUNTER I- 



STEP 



-\ I 

1 >I 

-/ I 



MEMORV 



STEP 



A I INSTRUCTION I 
* >J REQIStER I 
•/ I <GPCODE> I- 



STEP 



-S I 

4 ;>i 
-/ I 



/\ 




/ \ 


INSTRUCTI 


I I 


STEP 1 


STEP 2 


SPECIFI 


RDD ONE 


• STEP 2 


I I 


STEP 3 




INSTRUCTI 




STEP 4 


INSTRUCT10.N 


INSTRUC 


SEQUENCE 


STEP 5 




EXECUTl 


FIGURE 2B 


INSTRUCTI 




STEP 6 




DATA FE 




END OF SE 



DECODER 



ON FETCH 

- fl WORD IS READ FROM MEMORV AT THE LOCATION 
ED BV THE CPU'S INSTRUCTION LOCATION COUNTER. 

- THE WORD IS PLACED IN INSTRUCTION REGISTER. 

- THE LOCATION COUNTER IS UPDATED (RDD ONE>. 
ON DECODE 

- THE OPERATION CODE <fl PORTION OF THE I 
TION WORD> IS TRANSFERRED TO fi DECODER. I 

- THE DECODER SELECTS ONE OF A NUMBER OF I 

ON PLANS. 

ON EXECUTE 

- CRRRV OUT EXECUTION PLAN WHICH MflV INCLUDE 
TCH. DATA MANIPULATION, DATA STORE. REPERTEDLV 
QUENCE - DO NEXT INSTRUCTION FETCH <STEP 1>. 



I I 
I I 
STEP 5 
I I 
S / 
S/ 



SELECTED 
EXECUTION 
UN I T 



I I 

STEP 6 

S / 
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;.'. 2 MICROPROQRRMMED CONTROL 

THE FINRL PHRSE IS OF PRRTICULRR INTEREST HERE. THE ELECTRICAL SIGNRLS 
WHIG" THE CONTROL UNIT SENDS TO THE RRCHITECTURRL COMPONENTS RRE THE MOST 
C'BSIC. OR "PRIMITIVE".. COMNRNDS IN THE COMPUTER.) THESE SIGNRLS HfiVE EFFECTS 
SUCH RS OPENING RND CLOSING GfiTES (FOR EXAMPLE. TO TRANSFER REGISTER CONTENTS^, 
IHITIRTIHG MEMORV CYCLES. RND SETTING INDIVIDUAL BITS. IN FACT, THE 
INSTRUCTION SEQUENCE ITSELF IS UNDER THE CONTROL OF SUCH PRIMITIVE OPERATIONS; 
f-!K' IMPLICIT EFFECT OF EVERV MACHINE INSTRUCTION IS THE EXECUTION OF THE NEXT 
INSTRUCTION SEQUENCE. 

ONLV RRRELV DO MACHINE INSTRUCTIONS CORRESPOND TO R SINGLE ARCHITECTURAL 

PRIMITIVE.! MOST MACHINE INSTRUCTIONS RESULT IN THE GENERATION OF A NUMBER 

OF PRIMITIVES. FREQUENTLV RRRRNGED IN A TIME SEQUENCE. FOR SOME INSTRUCTIONS.. 

'IHF. RRRRNGEMENT OF PRIMITIVES CRN BE FRIRLV COMPLEX. RN EXAMPLE IS R MULTIPLY 

INSTRUCTION ON ft MACHINE WHICH HfiS ONLV fl ADDING COMPONENT; THE RDDER MUST BE 

USED ITERRTIVELV. RND THE INTERNAL PLAN OF THE INSTRUCTION RESEMBLES R COMPUTER 

PRDGRRM. 

THE LATER OBSERVRTION SUGGESTS RN IMPLEMENTATION OF THE PRIMITIVE SIGNAL 
COJ^ROL FUNCTION. IN THE CONVENTI ONRL. OR "HRRD-WI RED" COMPUTER., fl 
HRRDWRRE DECODING OF THE RELEVANT PORTION OF THE INSTRUCTION WORD SELECTS 
ONE OF SEVERAL LOGIC CIRCUITS. EACH OF WHICH IS RESPONSIBLE FOR GENERRTING 
r-lND SEQUENCING THE PRIMITIVE SIGNALS OF fl GIVEN MACHINE INSTRUCTION. IF, 
HOWEVER.. THE PRIMITIVE CONTROL FUNCTIONS RRE REGARDED RS "MICRO-OPERATIONS". 
■sHEN R "MICROPROGRAM" CRN BE WRITTEN TO PLRN THE FLOW OF RN INSTRUCTION, 
THE STEPS OF THIS MICROPROGRAM CRN THEN BE IMPLEMENTED RS PRIMITIVE COMMRNDS 
1:KECUTING out of R FRST-RCCESS STORE.. SUCH AS SEMICONDUCTOR MEMORV. 
(EXECUTION OF SUCH COMMANDS IS SIMPLE TO ACCOMPLISH. SINCE THE MICRO- 
OPERATIONS CORRESPOND DIRECTLY TO ARCHITECTURAL FUNCTIONS. ) 

USING R MICROPROGRAMMED RPPRORCH TO MRCHINE INSTRUCTION IMPLEMENTATION. THE 
INSTRUCTION-DECODE STEP OF MRCHINE OPERRTION CHRNGES : RRTHER THAN DECODING 
•|HE OPERATION-CODE PORTION OF THE INSTRUCTION TO SELECT ONE OF SEVERAL 
HRRDWRRE MODULES. THIS BINARY NUMBER IS USED DIRECTLY AS AN ADDRESS. OR 
POINTER. INTO THE MICROPROGRAM STORE ("CONTROL STORE").' THE LOCATION SO 
DEFINED IS PROGRAMMED AS THE ENTRY POINT OF THE MICROPROGRAM WHICH IMPLEMENTS 
THE ORIGINAL MRCHINE INSTRUCTION. THIS PROCESS IS ILLUSTRATED IN FIGURE £C. 
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I THE DPERRTION CODE OF R MACHINE INSTRUCTION DETERMINES THE RRRRNGEMENT RND 1 
3 TIMING OF THE SIGNALS WHICH CONTROL MOVEMENT OF DATA BETWEEN MEMORV, CPU I 

J REGISTERS. RRITHMETIC-LOGIC UNITS AND OTHER HARDWARE FACILITIES. 1 

J 



IRRD-WIRED COMPUTER 



MICROPROGRAMMED COMPUTER 



)U A CONVENTIONAL <HARD-WIRED) 
COMPUTER.. THE OPCODE IS DECODED 
f-iK'D USED TO SELECT AMONG LOGIC 
CIRCUITS WHICH PROVIDE THE 
CONTROL SIGNALS WITHIN COMPUTER. 



IN A MICROPROGRAMMED COMPUTER, THE OPCODE 
IS USED AS AN ADDRESS <"POINTER"> INTO A 
FAST "CONTROL STORE". THE MICROPROGRAM 
STARTING AT THAT ADDRESS HAS BEEN WRITTEN 
TO PROVIDE THE CONTROL SIGNALS. 



INSTRUCTION REGISTER 
1 OPCODE I ♦***i4«**** I 



I 1 
I I 
S / 



— >I CIRCUIT i I 



I DECODER I-- 



S 



S---M CIRCUIT M 1 



— >I CIRCUIT N 1 



INSTRUCTION REGISTER 

I OPCODE I ********* I 

I I 

I I CONTROL STORE 

I I 

S / 1/////////1 

\/ I 1 I MECHANISM TO 

— >I BEGIN I— S I CONVERT MICRO 
(ADDRESS I . I . >I INSTRUCTION 

OF I . 1--/ I INTO CONTROL 

MICRO I END I I SIGNALS 

PROGRAM > I I 



MRCH 
i- UNC 
AS S 
DETE 



INE INSTRUCTIONS--RND HENCE THE MACHINE INSTRUCTIONS— AND HENCE THE 

TIONAL 

EEN BV 

RMINED 



NATURE OF THE COMPUTER 

THE PROGRAMMER--RRE 

BV THE MACHINE. DESIGNER. 



I ALTERNATIVE SCHEMES FOR I 
I INSTRUCTION DECODE I 
I . FIGURE 2C I 



FUNCTIONAL NATURE OF THE COMPUTER AS SEEN 
BV THE PROGRAMMER— ARE DETERMINED BV THE 
MICROPROGRAMMER AND MAV BE REDEFINED AS 
READILV AS THE CONTROL STORE MAV BE 
REPROGRAMMED. IF CONTROL STORE IS 
WRITABLE (RATHER THAN "READ-ONLV>. THE 
USER CAN MICROPROGRAM AT HIS CONVENIENCE.. 
MODIFVINQ HIS MACHINE AT COMPUTER SPEEDS 
INSTEAD OF "SOLDERING IRON" SPEEDS. 
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3 USES OF MICROPROGRRMMING 



Iv'ITH THE PREVIOUSLV DEF 
l-XRMINE THE USES RND RD 
vTUSTIFICRTION FOR MICRO 
SPEED OF MRIN STORE <C0 
COHPONEHTS. FOR EXRMPL 
i-XECUTED IN THE TIME TR 
!-0R MORE THRN 18 CONTRO 
THIS LRRGE RRTIO MfiKES 
INSTRUCTIONS DEFINED RT 
HRRDNRRE. FOR THIS RER 



INED MODEL 
VRNTRGES OF 
PROGRRMMING 
RE MEMORV) 
E. MORE THR 
KEN TO RERD 
L STORE STE 
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THE HIGHER 
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OF MICROPROGRRN MRCHINE CONTROL/ 
MICROPROGRRMMING. THE STRONGEST 
LIES IN THE CURRENT DISPRRITV BE 
RND THE SPEED OF CURRENTLV RVRILfl 
N 18 SETS OF PRIMITIVE FUNCTIONS 

ONE WORD FROM CORE MEMORV. THUS 

PS TO IMPLEMENT R MRIN STORE INST 

SIGNIFICRNT INCREfiSE IN THE POWER 

LEVEL OVER THOSE REQUIRED IN THE 

ROGRRMMING IS NOW COMMON IN MRNV 



WE CRN NOW 

SINGLE 
TWEEN THE 
BLE LOGICRL 
MRV BE 

TIME EXISTS 
RUCTION. 

OF THE 

UNDERLYING 
COMPUTERS. 



HICROPROGRRMMING PROVIDES OTHER RDVRNTRGES RS WELL. SINCE MICROPROGRRMMING IN 
CONTROL STORE SERVES TO DEFINE THE COMPUTER fiS SEEN RT THE CONVENTIONRL LEVEL. 
■fHF. FLEXIBILITY OF MI CROPRGGRRMKING MRV BE USED TO VRRV THE MRCHINE DEFINED 
MRNV OF THE RDVRNTRGES THRT RESULT RRE TRBULRTED IN FIGURE 2D 



MICROPROGRRMMING MRV BE USED TO 



RDVRNTRGES FIGURE 2D 
■ I 

I fl> SEPERRTES THE INSTRUCTION DEFINITION 

I FROM THE HRRDWRRE SPECIFICfiT ION. 

I B) PERMITS MRTCHIN6 MEMORV SPEED TO LOGIC 

I SPEEDS WHEN R LARGE DIFFERENCE EXISTS. 

• I 



:1. 



DEFINE R COMPUTERS INSTRUCTION 
SET INDEPENDENT OF THE BRSIC 
HRRDWRRE DEVELOPMENT. THIS WAS 
THE MOST COMMON ERRLV USE. 



^?. CRUSE THE HRRDWRRE TO FUNCTION 
RS RHOTHER (PRE-EXISTING) 
COMPUTER. THIS IS THE COMMON 
DEFINITION OF EMULATION. 



I 
I 
I 
I 
I 
I 
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R> EMULRTED MRCHINES SOFTWRRE MRV BE USED 
WITHOUT MODIFICATION THUS PRESERVING 
POSSIBLY LRRGE SOFTWARE INVESTMENTS. 

B> HOST COMPUTER SYSTEM MAY BE FASTER OR 
LESS EXPENSIVE THRN ORIGINAL MACHINE. 

C) SEVERAL MRCHINES MRV BE EMULRTED RT 

DIFFERENT TIMES. ON SAME HARDWARE HOST. 



EMULRTE RNOTHER COMPUTER. BUT 
WITH EXTRR INSTRUCTIONS AND/OR 
SPECIRL FERTURES. 



INCREASED EFFICIENCY: FUNCTIONS REQUIRING 
COMPLEX RND TIME CONSUMING SOFTWARE MAY BV 
PERFORMED DIRECTLY ON THE MACHINE. AS A 
SINGLE <SPECIAL.'> INSTRUCTION. EXAMPLES: 

* FLOATING POINT RRITHMETIC 

* OPERATING SYSTEM FUNCTIONS 

* RNV PROGRRMMED PROCEDURE COMMONLY 
USED IN R GIVEN APPLICATION. 
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CRERTE R SPECIRL-PURPOSE 
COMPUTER TO MEET THE NEEDS 
R PRRTICULRR ENVIRONMENT. 



OF 



R> MICROPROGRRM DEVELOPMENT IS ERSIER, 
FRSTER. RND LESS EXPENSIVE TKRN 
HRRPWflRE DEVELOPMENT* RND IS PERFORMED 
BV f=*ERSONNEL TVPICRLLV CLOSER TO END 
NEEbS THRN HRRDWRRE PERSONNEL. 

B) RESULT CRN BE MODIFIED EflSILV WHEN 
NECES5RRV.. RS NEEDS CHRNGE. 

C> WHEN flPPLICRTION IS PHRSED OUT, HOST 
HRRDWRRE REMRINS USRBLE. 



SINCE B FULLV FLEXIBLE MICROPROGRRMMED DESIGN ALSO 
PERFORMS THE INSTRUCTION FETCH RND INSTRUCTION DECODE 
UNDER MICROPROGRRM CONTROL, MAIN STORE BECOMES MERELY 
R STOR.RGE RRER WHICH MRV <flMONG OTHER THINGS) CONTAIN 
INSTRUCTIONS OF fl HIGHER-LEVEL MACHINE. THEREFORE A 
FIFTH USE OF MICROPROGRRMMI NQ IS: 



WRITE USER PROGRAMS IN CONTROL 
STORE.. WITH MAIN STORE USED RS 
R FAST MESSRGE BUFFER., PRGE 
BACKUP.. FILE STORAGE, ETC. 



VERV FRST PROCESSING TIMES RRE POSSIBLfi' 
FOR SUITABLE RPPL ICRTIONS. LESS 
HRRDNRRE MRV BE NECESSRRV TO DO THE JOB 
SINCE THE HRRDWRRE IS USED DIRECTLV. 
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;:'. 4 HORIZONTRL RND S'ERTICRL CONTROL 

THE DESIGNER OF R fiflCHINE WITH mCROPROGRRflMEO CONTROL FRCES RN IMMEDIRTE 

DECISION RS TO THE FORMRT OF MICRO INSTRUCT IONS TO BE USED IN THE MACHINE. 

HE HRV CHOOSE TO USE R HIDE, UNSTRUCTURED MICROk'ORD.. USURLLV CRLLED fi 

HOR I 2DNTRL H I CROI NSTRUCT I ON ; 

ERCH BIT IS 

C HORIZONTRL MICROINSTRUCTION 3 INDEPENDENT 

OF OTHER BITS. 

KHEH EXECUTED, ERCH BIT IN R HORIZONTRL MICROINSTRUCTION RESULTS IN R CONTROL 
SIGNRL TO R HRRDWRRE COMPONENT, ■ THIS IS GENERRLLV FOUND IN MORE PONERFUL 
MRCHINES. THE MICROINSTRUCTION MflV RUN TO 188 OR MORE BITS <THE IBM 360/56 
USES R MICROINSTRUCTION S8 BITS NIDE>. 

OR THE DESIGNER HRV CHOOSE R HIGHLY ENCODED MICROINSTRUCTION PRCKED INTO R 
MUCH SHRLLER WORD. THE NORD CONTAINS fl MICRO-OPCODE RND SEVERAL OTHER 
[.■NCODED FIELDS. FOR THIS REASON.. IT IS OFTEN REFERRED TO AS R VERTICRL 
HI CROI NSTRUCT I ON: 

TOGETHER.. SEVERRL 

VERTICRL MICROINSTRUCTION [ MICRO-OPCODE / XXX XXXX 3 BITS FORM RN 

ENCODED FIELD. 

KHEN EXECUTED. THE MICRO-OPCODE OF R VERTICRL MICROINSTRUCTION SELECTS R 
SEQUENCE OF CONTROL SIGNRLS. SIMILRR TO THE OPERATION OF R MACHINE 
.UISTRUCTIOH OPCODE BUT RT R LONER LEVEL (SIMPLER SEQUENCES RRE INVOICED). 
VERTICRL MICROINSTRUCTIONS RRE MUCH SHORTER (THE IBM 360/25 HRS R iS BIT 
K I CRD I NSTRUCT I ON). 

l\^Cl-\ SCHEME FOR MICROPROGRAMMED CONTROL OFFER CERTRIN RDVRNTRGES. A CHOICE 
INVOLVES EVRLURTION OF MRNV TRADE-OFFS. SOME OF THE FACTORS ARE TABULATED IN 

•: IGt;RE 2E. 

•fRRDE-OFFS EETNEEN HORIZONTAL RND VERTICAL CONTROL FIGURE 2E 

liDRIZDNTRL i1 1 CROI NSTRUCTI DNS. , . VERTICRL MICROINSTRUCTIONS... 

1 

U\..L014 ULTIMATE FLEXIBILITY IN I PROVIDE R LIMITED SELECTION OF 

C:GMTftDL. SINCE EFiCH SIGNAL (BIT) I CONTROL PRTTERNS.i THE NUMBER OF 
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KRV BE IHOIVIDURLLV SELECTED BV I f='OSSIEILl TIES DEPENDS U(="ON THE 

7 HE MICROPROGRRMHER. I WIDTH OF THE MICRO-OPCODE. 


H.RV BE EXECUTED SIMPLV BV I REQUIRE EXECUTION MflCHINERV 
CvRTING THEM TO fl REGISTER. TO I SIMILRR TO <BUT SIMPLER THRN) 
KHICH SIGNRL LINES ARE I THRT REQUIRED TO EXECUTE ilfiCKINE 
f-:TTftCHED DIRECTLV. 1 INSTRUCTIONS. 


RLLON PRRRLLEL OPERATION OF I TVPICRLLV SPECIFY "SINGLE-THRERD" 
l-lRRDNRRE COMPONENTS. I OPERRTIONS. 


f:RE RELRTIVELV DIFFICULT TO I RRE RELRTIVELV SIMPLE TO 
rR'OGRRM. I PROGRRM. 


MUST BE EXECUTED FREQUENTLY. I MRV SPECIFY R TIME-SEQUENCE OF 
SINCE THEY EXERCISE ERCH I CONTROL SIGNRLS, SO THEY MAY BE 
HRRDHRRE COMPONENT RT MOST ONCE. I EXECUTED LESS FREC3UENTLV. 


f:FE NIDE.. TVPICRLLV ON THE I REQUIRE ^ONLY ENOUGH BITS TO 
CRDER OF lee BITS. I CONTRIN THE MICRO-OPCODE RND 

I TYPICALLY 8 TO 16 BITS. 


•|HE LRST TNO ITEMS IMPLY THRT I THE LRST TNO ITEMS IMPLY THRT 
STORRGE OF ENOUGH HORIZONTRL I STORRGE OF ENOUGH VERTICRL 
KICROINSTRUCTIONS TO RUN R I MICROINSTRUCTIONS TO RUN R 

MRV BE PROHIBITIS'ELV EXPENSIVE I MRV BE flCCEPTRBLY INEXPENSIVE 
IN NUMBER OF BITS. I IN NUMBER OF BITS. 



CONCLUSIONS: 

H0RI20NTRL MICROINSTRUCTIONS RRE PREFERABLE TO VERTICRL MICROINSTRUCTIONS 
FOR FLEXIBILITY RND PRRRLLELISM. BUT THEY RRE MORE DIFFICULT TO PROGRRM.. 
REQUIRE LRRGER RMOUNTS OF EXPENSIVE STORRGE. RND ARE LIMITED IN NHRT TIME 
SEQUENCES MRV BE PROGRAMMED. 



THE QN-i MRS BEEN DESIGNED TO MRKE flVRILRBLE THE RDVANTRGES OF ERCH SCHEME OF 
M.ICROPROGRRMMED CONTROL AND TO AVOID THE DISRDVRNTRGES INHERENT IN ERCH. THE 
UNIQUE FEATURES OF THE QM-l THRT MRKE THIS POSSIBLE WILL BE EXAMINED NEXT. 
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?.. 5 THE QM-i CONTROL HIERRRCHV 

IN THE QM-1. a TWO-LEVEL DESIGN SflOOTHS THE MRCHINE DEFINITION PROCESS OVER TWO 
<^TRGES, RCHIEVING THE RDVRNTfiQES OF BOTH HORIZONTRL AND VERTICRL CONTROL: 

MRCHIKE INSTRUCTIONS IN MRIN STORE RRE EXECUTED BV (RND DEFINED BV> 
i'lICROPROGRRMS IH CONTROL STORE. UNDER VERTICRL CONTROL. 

MICROINSTRUCTIONS IN CONTROL STORE RRE IN TURN EXECUTED EV <fiND DEFINED 
BV> HRNOPROGRRMS IN NRNOSTORE. UNDER HORIZONTRL CONTROL. 

RN ILLUSTRRTION OF THIS CONCEPT IS SHOWN IN FIGURE 2F - QM-1 CONTROL HIERRRCHV. 



MRIN STORE 

■ ^p^i^ STORE INSTRUCTION "RBC" 15 FETCHED 

I 1 RND DECODED UNDER niCRDPROGRRM CONTROL. 

1 RBC IS CONTROL STORE 

) 1 s MICROINSTRUCTION "XV2" IS FETCHED AND 

) 1 S I 1 DECODED BV HRRDWRRE UNDER NRNOPROGRRM 

/ / \ — >I XV Z //////I CONTROL 

Y I I /////////// IS 

I 1 S NRHOSTORE MACHINE CONTROL 

I 1 s 

T 1 s I 1 I T4 I 

S->I/.'^///////////VV//IS 

MICROPROGRRM EXECUTING I/////////////////I S I T3 I 

"RBC" IS SHADED. ■ I 1 S 

v^ I T2 I 

NRNOPROGRRM EXECUTING S 

"XVZ" IS SHADED. --:>I K I Tl ). 

K'RNOPROGRfiilS RRE DIRECTLY EXECUTED BV 

MRRDWRRE..; CONTROL SIGNRLS RRE SENT TO COMPONENTS > I I 1 I I I 

V V V V V V 

FIGURE 2F QM-1 CONTROL HIERRRCHV EXRMPLE OF TWO LEVEL EMULATION 
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•|HI^ UNIQUE CONTROL HIERRRCHV TRKES RDVRNTRGES OF THE BEST FEATURES OF BOTH 
HORrZOHTRL RND VERTICRL CONTROL RS SUMMRRIZED IN FIGURE 2G. IN RDDITION.- 
REXIBLE TIME SEQUENCING IS POSSIBLE RT BOTH LEVELS. RND MOST IMPORTANT. 
ROTH CDHTROL STORE RND NRNOSTORE RRE FULLV WRITRBLE SEMICONDUCTOR MEMORIES.- 
<;.0 THRT THE QM-i USER CRN TfiKE RDVRNTfiGE OF RLL POSSIBLE FLEXIBILITY IN THE 
<;VSTEI1 BV DVNRmC REPROGRRMMINQ. 

IN PRRTICULRR. CONTROL STORE IS fl FULLV GENERRL-PURPOSE RERD/WRITE STORE; 
HFNCE IT IS FERSIBLE, FOR SOME RPPL ICRTIONS. TO RPPRORCH QM-i CONTROL STORE 
flS THE PRIMRRV PROGRRH STORE OF THE MRCHINE,. EXECUTING PROQRRMS WHICH CRN 
REGRRD THE PRSSIVE MAIN STORE RS R SECONDRRV STORAGE UNIT. 



CONTROL HIERRRCHV DIMENSIONRL TRRDE-CFFS 



FIGURE £G 



RT HIGHEST LEVEL 



RT LOWEST LEVEL 



iiWD USER HRS SVSTEM 
SIMPLE TO PROGRAM. <■ 



HRRDWRRE DESIGNER HRS SVSTEM 
•> DIRECT TO IMPLEMENT. 



GENERRLIZED INDIRECT CONTROL RBSOLUT-E DIRECT CONTROL. 

POWERFUL (HIGH LEVEL> < > PRIMITIVE (LOW LEVEL.> 

1 NST RUCT I DNS FUNCT I ONS. 



MERHING OF MR IN STORE 
CONTENTS FULLV REDEFINflBLE <■ 



MERNIN6 OF CONTROL 
•.■> SIGNRLS FIXED IN HRRDWRRE. 



!. RRGE MEMORY RVAILRBLE <■ 
LOW COST/BIT < 



■> SMRLL STORE REQUIRED. 
■> FRST OPERRTION. 
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USER RND MRCHINE HIERRRCHIES 



IHE DESIGN OF THE Qtl-i SUGGESTS THE USE OF R SVSTEM OF "VIRTUAL MflCHINES" 
RRRRNGED IN R HIERRRCHV OF LEVELS. ERCH LEVEL IS SUPPORTED BV THE tIRCHINE 
BELON.. RND IN TURN SUPPORTS THE HRCHINE RBOVE. ONCE R GIVEN MfiCHINE IS 
!>EFINED BV SUITRBLE SOFTWRRE <0R "FIRnWRRE">, ITS IMPLEMENTRT I ON -- I.E.. 
•IHE NRTURE OF THRT SOFTWRRE STRUCTURE — IS TRRNSPRRENT TO THE USER OF THRT 
HRCHINE. FOR EXRMPLE.- RFTER SUITABLE NRNOPROGRRMMINQ IS DONE TO DEFINE R 
•MnCRO-HRCHlNE'S THE VERV EXISTENCE OF NRNOSTORE IS IRRELEVRNT TO THE I1ICR0- 
MBCHIHE USER. 

SUCH R HRCHINE HIERRRCHV IS SHONN IN FIGURE 3fl RND DESCRIBED IN DETRIL BELOW. 



<1> HRRDWRRE LEVEL 



THE QM-i HIERRRCHV 



COMPONENTS 
/ / \ 

/ S S 
LOGIC DESIGN <BV NRNODRTfl) 
DEFINES / S S 

/QM?? SQM-? SQM-1 
<2) NRNO MRCHINES *>¥ ** **** 

/ S S 

/ s s 

NRNOPROGRRtllllNQ / S S 

DEFINES / \ S 

/ s s 

C3? MICRO MRCHINES ** ** **• 

/ / S 

/ / \ OR MICROPROGRRMHING 

MICROPROGRRMMING / / S IS USED TO SRTISFV 

DEFINES / / \ RPPLICRTION 

/ / \ DIRECTLV. 

<A'> MAIN STORE MACHINES ** ♦*** ** 

/ \ \ V 

/ \ \ V 

MAIN STORE PROGRRMMING / S S V 

TO SRTISFV / s S V 

/ s S V 

CS^ RPPLICRTIONS ** ** ♦* *♦ FIGURE 3R 
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IIRRDNRRE LEVEL 

•(HE BRSIC HRRDWRRE COMPONENTS OF THE QM-1 INCLUDE SEVERRL BANKS OF REGISTERS; 
f-; SYSTEM OF THREE STORES.: RRITHMET IC BOOLERN, RND SHIFT COMPONENTS; RND TWELVii 
JHDFPENDEHT BUSES. BUS CONNECTIONS BETWEEN THE COMPONENTS RRE PROGRRMMRBLE RNO 
HRV BE CHRNGED flS OFTEN flS REQUIRED TO BEST FIT THE CURRENT TfiSK. RLL THESE 
UNITS MflV BE EXERCISED INDEPENDENTLV, RLLOWING fl HIGH DEGREE OF PRRRLLELISM. 

COMPLETE CONTROL OVER THE HRRDWRRE IS PROVIDED BV R 368-BIT WORD RERD FROM THE 
DVWnHICflLLV WRITRBLE NflNOSTORE.i THE ACTIVE NRHOWORD PROVIDES R SEQUENCE OF FOUR 
HfiCHIHE STRTE VECTORS. ERCH OF WHICH DRIVES THE INDIVIDUAL MACHINE COMPONENTS 
RND THEIR INTERCONNECTIONS DURING R MACHINE CLOCK PERIOD OF 66 NANOSECONDS. 

KRHO-MRCHINE LEVEL 

KflNOPROGRAMMiNG IS THE PROCESS OF DEFINING A SET OF SUCH CONTROL SEQUENCES 
[0 IMPLEMENT MICROINSTRUCTIONS EXECUTED AT THE NEXT LEVEL. THE OPCODE OF A 
Vf-'RTICRLLV FORMATTED MICROINSTRUCTION.- READ FROM CONTROL STORE. IS USED TO 
SELECT THE ENTRV POINT IN NANOSTORE AT WHICH TO BEGIN EXECUTING THE DEFINING 
NRNOPROGRRM, THE MICROINSTRUCTION SET USED MRV BE EITHER THAT DEFINED BV - 
KRNODRTR <WITH POSSIBLE USER MODI F ICRT lONS/EXTENSIONS FOR THE CURRENT TASK) 
OR THAT DEFINED BV THE USER.! THE NRNODATA-SUPPL I ED M ICROLANGUAGE IS ACCOMPANIED 
i;;V SYSTEMS SOFTWARE TO SUPPORT 10 AND PROCESS MANAGEMENT. 

MICRO-MACHINE LEVEL 

SINCE MICROINSTRUCTIONS RESIDE IN THE FULLV READABLE/WRITABLE CONTROL STORE.. 
MICROPROGRRMMING CAN BE USED TO DEFINE THE APPLICATION DIRECTLV. DUE TO THE 
R.EXIBILITV PROVIDED AT THE NANO LEVEL. A VARIETV OF MICRO-MACHINES MRV BE 
DEFINED TO EFFICIENTLY MATCH THE APPLICATION. THE MICRO-MACHINE CAN THEN BE 
VIEWED RS A CONVENTIONAL MACHINE WITH A CUSTOMIZED INSTRUCTION SET RND R .128- 
N AN 'SECOND MEMORY. 

MRIN-STORE-MRCHINE LEVEL 



FOR MANY APPLICATIONS.. THE ABOVE NUMBER OF LEVELS WILL BE SUFFICIENT; 
APPLICATIONS SOFTWARE MAY BE WRITTEN IN THE DEFINED MICROLANGURGE. EXECUTING 
OUT OF CONTROL STORE AT VERY HIGH SPEEDS. FOR THOSE APPLICATIONS IN WHICH 
ANOTHER LEVEL OF FLEXIBILITY IS DESIRED. HOWEVER. MICROPROGRAMMING IN CONTROL 
STORE MRV. BE USED TO DEFINE THE ARCHITECTURE RND INSTRUCTION SET FOR SOFTWARE 
IN MRIH STORE. AT THE MICRO LEVEL* MAIN STORE IS VIEWED SIMPLY AS R PASSIVE 
GENERAL-PURPOSE DATA STORE; THE PROCESS IS ONE OF CLASSICAL EMULATION. 
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PS I ND I CRIED IN SECTION i, THE PURPO^iE 
FUNCTIOKRL SPECIFI CRTI OHS OF THE QM-1/ 
f-lVRILRBLE TO THE HRRDk'RRE-LEVEL USER. 
I1RCHINE RT THIS MOST FUh'DRMENTRL LEVEL. 
rOR EXfltlPLE.. RPPR0RCHE5 THE HRCHINE RT 



OF THIS MRNUflL IS TO PROVIDE COMPLETE 
RND THUS TO DEFINE THE "NRNO-MRCHINE" 
MANY USERS WILL BE CONCERNED WITH THE 
THE NRNODRTR SYSTEMS SOFTWRRE STRFF.. 
THIS LEVEL. 



WHEN fiPPROPRIRTE SOFTNRRE, INCLUDING BOTH SYSTEMS SUPPORT FUNCTION*^ RND RNV ONF 
VF SEVERAL MICRO LRNQUflGE DEFINITIONS. IS INCLUDED IN THE QM-1, THE MICRO-LEVEl' 
USER CRN PROGRAM THE MRCHINE WITHOUT BEING CONCERNED WITH THE STRUCTURE 

i;;ENEnTH. 



THUS THIS MRNURL IS DEDICRTED TO THRT NEW BREED - THE NRNOPROGRflMMER OTHER 
i-ROQRRMHERS MRV HRVE INTEREST IN THE MRNURL IN ORDER TO UNDERSTRND THE HRRDKiRRI 
THRT SUPPORTS THE LEVEL RT WHICH THEY WRITE PROGRRMS.= THE HRRDNRRE-LEVEL U'^^ER 
WILL FIND THE MRTERIRL IN THE NEXT TWO SECTIONS ESSENTIAL 
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4. QH-i FUHCTIONRL SPECIFICRTIONS* PRRT I 
1. i GENERAL 

<;FCTI0NS 4 AND 5 OF THIS MflNURL ARE R COMPLETE FUNCTIONAL SPECIFICATION OF 
•!HE QH-1 CPU IN TWO PARTS. PART II <SECTION 5> IS INTENDED TO BE USED AS R 
f-; PR0GRftMi1ER'"S REFERENCE GUIDE.. AND INCLUDES CONTROL FIELD HRPPINGS AND 
!:HC0DING5 as well as DETAILED FUNCTIONAL DESCRIPTION. PART I (SECTION 4> 
I1XPLRIN5 QM-1 MACHINE CONCEPTS.. ARCHITECTURE, AND OPERATIONS.. AND PROVIDES 
f-N OVERVIEW OF THE QM-1 AND AN INTRODUCTION TO PART II. 

IH ORDER TO INTRODUCE THE MACHINE SPECIFICATIONS TO THE FIRST-TIME READER.. 

I-RRT I BECOMES PROGRESSIVELY MORE SPECIFIC AS MORE OF THE OVERALL QM-i 

<-.TRUCTURE IS REVEALED. HENCE THE EARLIER SECTIONS OF PART I HAVE MORE DETAILED 
liXPLRHRTIOHS IN PRRT 11, 



•|HE MACHINE DESCRIBED I 
IS THE "HflRDNRRE QM-1". 
r-;Vf-lILABLE TO THE LOWEST 
USEFULLV VIEWED RS THE 
i-OR USE AT THE NEXT HIG 
MACHINE" WILL NOT NECES 
QUITE DIFFERENT. ANV N 
niPLEHEWTATlON OF THE M 
SEVERAL OF THE 32 GENER 
AS SPECIAL-PURPOSE ARCH 
INSTRUCTION REGISTER AN 
WILL IN GENERAL BE AN E 
f-iRCHITECTUREi FOR EXAMP 
NUMBER OF GENERAL-PURPO 
MAP INTO CONTROL STORE) 
IS LIMITED ONLV BV THE 
CONSIDERATIONS OF THE E 
SOPHISTICATED ARITHMETI 
WELL WITHIN THIS RANGE. 



N SECTIONS 4 AND 5 <QM 
ITS ARCHITECTURRL FE 
LEVEL <NANO-) PROGRAM 
TASK OF IMPLEMENTING A 
HER (MICRO) LEVEL. TH 
SRRILV RESEMBLE THAT 
UMBER OF THE QM-1 RESO 
ICRO-MACHINE DEFINITIO! 
AL-PURPOSE REGISTERS < 
ITECTURRL FEATURES OF 
D LOCATION COUNTER. T 
KTENSION (RATHER THAN 
LE.. A MICRO-MACHINE MR 
SE REGISTERS (WHICH TH 
THE RANGE OF FEASIB 
INGENUITY OF THE NANOP 
MULATION PROCESS) STAC 
C PROCESSORS.. AND "WID 



-1 FUNCTION 

RTURES AND 
MER. NANOP 
("VIRTUAL" 
E DESCRIPTI 
F THE QM-i, 
URGES MAY B 
N. THE NAN 
LOCRL STORE 
THE MICRO-M 
HE MICRO-MA 
R RESTRICT I 
V BE DESIGN 
E NANOPROGR 
LE MICRO-MR 
ROGRRMMER A 
K-MRCHINE A 
E-WORD" MAC 



AL SPECIFICATIONS) 
CONTROLS ARE THOSE 
ROGRAMMING MAY BE 
) MACHINE DEFINITION 
ON OF THE "MICRO- 

AND IN FACT MAY BE 
E DEDICATED TO THE 
OPROGRAMMER CRN ASSIGN 
") AVAILABLE TO HIM 
ACHINE. E. 6. , 
CHINE ARCHITECTURE 
ON) OF THE QM-i 
ED WITH A LARGE 
AM MER WOULD PROBABLY 
CHINE DEFINITIONS 
ND THE EFFICIENCY 
RCHITECTURES.. 
HINES ARE.. FOR EXAMPLE, 
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A. 2 MAJOR RESOURCES RND ORGRNIZRTION 

4. 2. i MRJOR BUSING STRUCTURE RND LOCRL STORE 

THE HflJOR HRRD14RRE UNITS OF THE QM-1 — STORES. RRITHMET IC-LOGIC UNIT. SHIFTER, 
REGISTER BRNKS ~ CRN EfiCH PROCESS OR STORE 18 BITS OF DRTR IN PRRRLLEL.. RND 
i'-RE CONNECTED BV R SVSTEH OF TWELVE 18-BIT-WIDE DRTR PRTHS CBUSES). THE 
CENTRAL MRJOR UNIT.. LOCAL STORE.- IS R TERMINUS FOR RLL TWELVE BUSES; THE OTHER 
HHD OF ERCH BUS IS CONNECTED TO SOME OTHER MAJOR UNIT, THIS STRUCTURE IS SHONN 
IN FIGURE 4. 2, Ifl. 

GH-i MRJOR BUSING STRUCTURE CIS BIT WIDE RRCHITECTURE> FIGURE A. 2. ifi 
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l-iSSOCIRTED WITH ERCH BUS IS fl DIRECTION OF DRTR FLON RND, IN GENERAL., fi 
t)I<".TINnT HRNOFRIMITIVE CONTROL FOR THE GRTING (TRRNStHSSION) OF DRTR. SINCE 
THE BUSES RND THEIR CONTROLS RRE PHVSICRLLV INDEPENDENT.. TKEV MRV BE EXERCISED 
IN PRRRLLEL, RLLOWINO R MRXIMUM OF TWELVE FROGRRM-CONTROLLED i8-BlT BUS 
TRANSFERS TO OCCUR SIMULTRNEOUSLV. ERCH BUS BEARS R THREE-LETTER LRBEL 
<;TRUCTURED RS FOLLOWS: 



•iHE FIRST LETTER CODES THE 
l-IRJOR UNIT NHICH THE BUS 
CONNECTS TO LOCRL STORE: 

I-; - MR IN STORE 

V - CONTROL STORE 

R - RRITHHETIC-LOGIC UNIT" 

<RND HIGH-ORDER HRLF 
OF SHIFTER OUTPUT) 
S - SHIFTER CLON ORDER 

:18 BITS ONLV> 
!: - EXTERHRL STORE 



THE SECOND LETTER 
DEFINES THE DIRECTION 
OF DRTR FLOW: 

I - INPUT <T0 THE 

NPMED UNIT FROM 
LOCRL STORE) 

- OUTPUT (FROM THE 
NRMED UNIT TO 
LOCRL STORE) 



THE THIRD LETTER PROVIDES 
FURTHER DESCRIPTIVE 
INFORMRTION: 

fl ~ RDDRESS 

D - DRTR 

L - LEFT 

R - RIGHT 

X - "MULTIPLEX" (USED 

ONLY FOR MIX WHICH IS 
SHRRED FOR MR IN STORii 
RDDRESS AND DRTR) 
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THUS THE TWELVE BUSES RRE LRBELED: 

MIX - MR IN STORE INPUT - RDDRESS/DRTfl MOD - MAIN STORE OUTPUT DRTR 

CIR - CONTROL STORE INPUT - RDDRESS 

CID - CONTROL STORE INPUT - C?RTR COD - CONTROL STORE OUTPUT DRTR 

RIL - RLU INPUT - LEFT 

HIR - RLU INPUT - RIGHT ROD - ALU OUTPUT DRTR 

SID - SHIFTER INPUT DRTR SOD - SHIFTER OUTPUT DRTR 

EID - EXTERNAL STORE INPUT DRTR EOD - EXTERNAL STORE OUTPUT DRTR 

I.-KPLRNRTION OF THE EOR RKD EIR LRBELS IN THE DIRGRRM IS DEFERRED TO SECTION 
'1. 2. 5. 

MUCH OF THE PROGRRMMER' S RTTENTION INVOLVES THE INTERRCTION OF LOCRL STORE 
k'lTH THE OTHER MRJOR UNITS, VIR THE BUSING STRUCTURE. LOCRL STORE IS R 
liiflNK OF 22 i8-BIT REGISTERS.. LDGICRLLV UNIFORM WITH RESPECT TO BUSING. 
I-BCH BUS IS INDEPENDENTLV CONNECTRBLE. UNDER PROGRRM CONTROL, TO RNV LOCRL 
STORE REGISTER. CONNECTING R BUS TO R REGISTER <"SETTING R BUS CONTROL") 
IS R PRIMITIVE OPERATION FOR THE NRNOPROGRRMMER. ONCE R BUS CONTROL HRS 
BEEN SET. THE BUS REMAINS CONNECTED TO THE REGISTER UNTIL THE NRNOPROGRAM 
CHRNGES THAT BUS CONTROL. THERE IS NO RESTRICTION ON THE NUMBER OR IDENTITY 
OF DUSES THRT MRV BE CONNECTED TO RNV <ONE) LOCRL STORE REGISTER RT THE SRME 
■( IME.. HLTHOUGH ERCH BUS IS CONNECTED TO ONE RND ONLV ONE REGISTER RT RNV GIVEN 
■(IHE. ONCE R WORD RPPERRS ON fl BUS, HOWEVER, IT REMAINS RVRILRBLE UNTIL 
J.-.OME SPECIFIC RCTION CHRNGES THE BUS SOURCE. (THUS.. FOR EXRMPLE.. IT IS 
POSSIBLE TO GRTE THE CONTENTS OF A CONTROL STORE LOCRTION INTO SEVERAL LOCRL 
STORE REGISTERS BV SUCCESSIVELV CHANGING THE COD BUS CONTROL RND EXECUTING THE 
f-iPPROPRIRTE GRTE NRNOPR I MI T I VE. > 

IF THE DRTR ON TWO OR MORE BUSES RRE GATED INTO THE SAME REGISTER 
SINULTRNEOUSLV, THE LOGICAL "OR" OF THE VALUES RPPERRS IN THE REGISTER. 

R CONVENIENT MODEL OF THE BUSING STRUCTURE REPRESENTS ERCH BUS CONTROL RS R 
"ROTRRV SNITCH" RTTRCHED TO R DRTR PRTH,; THE POSITION OF THE SNITCH RS LRST 
5.'.ET CONNECTS THE PRTH TO ONE OF THE 32 LOCRL STORE REGISTERS. fi "GRTE" 
NRNOPRIMITIVE flCTIVRTES DRTR TRRNSMIS5I0N ON RNV PRTH INTO LOCRL STORE. 

SINCE THE NRNOPROGRRMMER WILL TVPICRLLV USE MRNV OF THE LOCRL STORE REGISTERS 
TO SUPPORT THE FUNCTIONS OF SOME HIGHER LEVEL EMULRTED MRCHINE (fiCCUMULRTORS.. 
LOCATION COUNTERS.. MEHORV RDDRESS REGISTERS.. STRCK POINTERS.. GENERRL-PURPOSE 
REGISTERS. ETC. :■ , THE BUS CONTROLS EFFECTIVELV RLLOW THE RESOURCE 0RQRNI2RTI0N 
CiF THRT MRCHINE TO BE DVNAMICRLLV REDEFINED TO BEST FIT THE CURRENT TASK. 
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'I. 2. 2 LOCRL STORE SPECIRL FERTURES 



(HE LOCRL STORE REGISTERS RRE LRBELED RO THROUGH R31. 

5..TflNDRRD PROPERTIES RS MEMBERS OF LOCRL STORE, CERTRIN 

REGISTERS POSSESS SPECIRL CRPRBILITIES flS ILLUSTRRTEP IN FIGURE 4. 4. 2fl. 



IN ADDITION TO THEIR 
OF THE LOCRL STORE 



<-.PECIRL FERTURES OF LOCRL STORE 
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1 SIX BIT CONTROL STRUCTURE I<- 



isrt = e=: = =n: = c = 

I INDEX I 
I RLU I 
I FEATURE I 



4. 



i MICRO INSTRUCTION REGISTER 



•IKE MOST IMPORTANT SPECIRL FRCILITV IN LOCAL STORE INVOLVES RSI. THIS IS THE 
ONLV LOCRL STORE REGISTER THAT IS DEDICATED TO A SPECIFIC PURPOSE. R3i IS THE 
MICRO INSTRUCTION REGISTER. WHEN R CONTROL STORE WORD IS^EXECUTED RS R 
MICROINSTRUCTION.. IT CRN RERDILV BE GATED INTO R3i SO THAT THE NANOPROGRRMMER 
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;^RV CONVENIENTLV MRKE USE OF THE PRRRMETER INFORMRTION IK THE WORD CTHE MICRO- 
OPCODE IS RUTOflRTICflLLV CLEfiRED TO 2ER0S). THUS- R31 SERVES R-^ THE MICRO 
INSTRUCTION REGISTER <MIR>. 

TO RLLOW MICROINSTRUCTION PRRRMETERS ACCESS TO THE QM-l SIX-BIT- CONTROL 
.'STRUCTURES (TO BE PRESENTED IN SECTION 4. 3>. R21 IS PRRTITIONED INTO THREE 
f--BIT FIELDS: C.R..B <HiGH TO LOW ORDER). HENCE R31 ALSO SERVES THE SPECIPL 
FUNCTION OF INTERFRCLNG THE QM-i iS-BIT AND SIX-BIT RRCHITECTURES <SEE <;ECTI0N 
l^. 3. •■;). 

'1. 2. 2. 2 MICRO PROGRBM COUNTERS 

?;.TILL fl DIFFERENT SPECIAL CflPABILITV APPLIES TO FOUR OTHER REGISTERS IN LOCRL 
5;T0RE,^ R24.. R25.. R26 AND R2?. RN INCREMENT MPC FEATURE IS PROVIDED TO 
rfiCILITfiTE THE USE OF ANV OF THESE REGISTERS RS A "MICRO-PROGRAM COUNTER" 
^LOCATION COUNTER FOR M I CROPROCii^'AMS EXECUTING OUT OF CONTROL STORE) CONTROLS 
ifXIST FOR DIRECTLY INCREMENTING RNV OF THESE REGISTERS BV ONE OF THE FOLLOWING 
VALUES: 

+i 

+2 

"B" FIELD OF R31 <SIGN-EXTENDED.i 2' S COMPLEMENT) 

"AB" FIELD OF R31 <LOW ORDER 11 BITS ONLV. SIGN EXTENDED) 

NOTE: THE INCREMENT MPC FACILITY IS A 16 BIT RRITHIMETIC UNIT; THE HIGH ORDER 
■fNO BITS OF THE LOCAL STORE MPC REGISTER ARE SIGN EXTENDED FROM THE 16TH BIT. 

OTHER ELEMENTS OF THE MPC FRCILITV ARE DISCUSSED IN SECTIONS 4.2.4. 4.5.3.. AND 

I'.. 6. 5. 

4. 2. 2. 3 INDEX ALU FEATURE 

AN "INDEX ALU" CAPRBILITV IS AVAILABLE FOR ALL LOCAL STORE REGISTERS OTHER THAN 
THE FOUR MPC REGISTERS. ARITHMETIC OPERATIONS MAV BE PERFORMED ON THE CONTENT^'; 
OF THESE REGISTERS DIRECTLY USING ONE OF SEVERRL QUANTITIES <IN 2'=: COMPLEMENT 
PORM) NITHOUT ROUTING THROUGH THE RR I THMET I C-LOGI C UNIT. SELECTION OF INDEX 
5.^0URCE IS MADE FROM THE FOLLOWING LIST: 

ONE OF 14 EXTERNAL STORE REGISTERS 
DATA ON THE COD BUS 
DATA ON THE MOD BUS 

FURTHER DETAIL ON THE INDEX ALU FEATURE IS GIVEN IN SECTION 5.6.4 
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'U 2. 2 RLU HND SHIFTER 
4. 2. 2. i ALU 

•!HE ARITHMETIC-LOGIC UNIT CRN BE CONTROLLED TO PERFORM . RLL OF THE 16 LOGICAL 
<DOGLEflN> OPERATIONS.. AS WELL AS CERTAIN ARITHMETIC OPERATIONS < INCLUDING ■ 
ADDITION AND SUBTRACTION). UPON THE TWO 18-BIT OPERANDS PRESENT ON THE AIL 
AND AIR BUSES. (THE CARRV-IN VALUE FOR ARITHMETIC FUNCTIONS IS SUPPLIED BY 
■[HE CIH Blli SEE SECTION 4.2.3.4). THE 18-BIT RESULT PROCEEDS THROUGH THE 
<;HIFTER EXTENSION TO THE AOD BUS. WHERE IT IS AVAILABLE FOR GATING INTO A 
1 OCRL STORE REGISTER UPON EXECUTION OF THE NRNOPRIMITI VE "GATE RLU". THE ALU 
KRV BE USED TO DO 2"' S COMPLEMENT.. i'S COMPLEMENT. OR UNSIGNED ARITHMETIC. 
<2'S COMPLEMENT ARITHMETIC IS MOST CONSISTENT WITH OTHER CPU MECHANISMS). 

A 16 BIT MODE PERMITS THE INPUTS TO BE SIGN EXTENDED FROM 16 TO 18 BITS 50 THA'f 
THE OPERATION OF THE RLU NEED NOT BE CHANGED WHEN DEALING WITH 16 BIT DATA 
VALUES. 

A DECIMAL CONTROL FfiCILlTATES DECIMAL ARITHMETIC BV GENERATING fl "DECIMAL 
CORRECTION WORD" ON THE SOD BUS WHILE BINRRV FUNCTIONS. ARE PERFORMED IN THE 
Rl U IF THE ALU PROPAGATES A CARRV OUT OF R FOUR-BIT GROUP (COUNTING FROM THE 
1 OW-ORDER END). "8000" IS FORCED ONTO THE CORRESPONDING GROUP ON THE SOD BUS. 
IF Wn CARRY IS PROPAGATED.. "OllO" IS FORCED, THE HIGH-ORDER TWO BITS OF SOD 
ARE FORCED TO ZEROS. WHEN THE DECIMAL CONTROL IS ACTIVE, THE SHIFTER EXTENSION 
IS AUTOMATICALLY BYPASSED. THE SHIFTER INPUT IS ALSO BLOjCKED.. AND HAS NO 
FFFECT OH THE CORRECTION WORD VALUE. 

Ai U FUNCTIONS INCLUDE PASS LEFT,. FOR TRANSFERRING THE VALUE ON THE AIL BUS 
DIRECTLY TO THE SHIFTER EXTENSION WITHOUT INCURRING RLU PROPAGATION DELAY. 



Cm-l HRRPWftRE LEVEL USER'S MflNUftL 



NRNOPftTfl CORPORRTION 



PRGE ee.ip 



4. 2. :<. 2 SINGLE SHIFTS 



THE SHIFTER CBN BE FUNCTIONED TO PERFORM R LRRGE NUMBER OF DIFFERENT SHIFT 
OPERHTIONS UPON THE DRTR PRESENT ON THE SID BUS. THE RESULT IS PLRCED 
ON THE SOD BUS.. WHERE IT IS RVRILRBLE FOR GRTING INTO ft 

UPON EXECUTION OF THE NRNOPRIMITIVE "GRTE SH". WHEN NO 
SPECIFIED. THE SHIFTER FUNCTIONS RS R DIRECT CONNECTION 
•!HE SOD BUS.. PROVIDING R CONVENIENT ROUTE FOR TRRNSFERS 
Rr::GISTERS. 



LOCRL STORE REGISTER 
SHIFT OPERRTION IS 
FROM THE SID BUS TO 
BETWEEN LOCRL STORE 



^.;HIFT OPERRTIONS RS described RBOVE, INVOLVING ONLV 
RND SOD BUSES.. RRE KNOWN RS "SINGLE-LENGTH" SHIFTS. 
SINGLE-LENGTH SHIFTS CRN BE SPECIFIED: 



THE SHIFTER RND THE SID 
THE FOLLOWING TYPES OF 



LEFT RND RIGHT LOGICRL: 

2ER0S INSERTED RT ONE END.. BITS SHIFTED 'OFF THE 

OTHER END. 
RIGHT RRITHIIETIC: 

SIGN BIT <HIQH-0RDER BIT> EXTENDED fCbPIED> 'RIGHTWRRD/ 

eiTS SHIFTED OFF RIGHT END. 
LEFT RND RIGHT CIRCULRR; 

ROTRTIONS OF THE i8-BIT (^URNtiTV. 



FOR' EACH TVPE OF SHIFT OPERRTION;. SHIFTS OF RNV <MEfiNINGFUL.^ NUMBER OF 
POSITIONS RRE PERFORMED IN FRRRLLEL — I. E. i RS fi SINGLE HRRDWRRE OPERRTION. 
HENCE SINGLE-LENGTH SHIFTS OF 6 THROUGH 18 POSITIONS CRN BE PERFORMED DIRECTLV. 



;OTE: WHEN SINGLE-LENGTH SHIFTS RRE SPECIFIED.. THE SHIFTER EXTENSION 

FUNCTIONS flS ft DIRECT CONNECTION FROM THE RLU OUTPUT TO THE ROD BUS 
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'1 2. 3. 3 DOUBLE SHIFTS 

KHEN R DOUBLE-LENGTH SHIFT OPERATION IS SPECIFIED.. THE SHIFTER EXTENSION JOINS 
•fHE SHIFTER IN TREATING THE RLU OUTPUT RND THE VRLUE ON THE SID BUS RS THE 
!-;lGH-ORDER AND LOW-ORDER HALVES. RESPECTIVELY, OF fl :<6-E!lT QURNTITV. THE HIGH- 
(iRDER AND LOlv'-ORDER HALVES OF THE SHIFTED RESULT RPPERR ON THE ROD RND SOD 
i-USES.. RESPECTIVELV. IN SOME TVPES OF DOUBLE-LENGTH SHIFTING., fl 27TH BIT. 
INVOLVED IN THE CRRRV FUNCTION.. IS RLSO USED. WHEN INCLUDED. IT IS PLACED 
10 THE LEFT OF THE SHIFTER EXTENSION. <CflRRV WILL BE FURTHER TRERTED LATER. ) 
THE FOLLOWING TVPES OF DOUBLE-LENGTH SHIFTS CRN BE SPECIFIED; 

LEFT AND RIGHT LOGICAL: 

ZEROS INSERTED AT ONE END OF fl 37-BIT QURNTITV 
<CARRV INCLUDED). BITS SHIFTED OFF OTHER END. 

RIGHT ARITHMETIC: 

SIGN BIT OF 36-BIT QURNTITV (HIGH-ORDER BIT OF 

ALU' RESULT) EXTENDED CCOPIED) RICHTWARD; BITS SHIFTED 

OFF RIGHT END OF SHIFTER. CRRRV IS NOT INVOLVED. 

LEFT ARITHMETIC: 

SAME AS LEFT LOGICAL. EXCEPT THAT THIS OPERATION CAN 
SET THE OVERFLOW CONDITION <T0 BE DISCUSSED). WHEREAS 
LEFT LOGICAL DOES NOT SET OVERFLOW. 

LEFT AND RIGHT CIRCULAR: 

ROTATIONS OF THE 36-BIT QURNTITV < CRRRV HOT INVOLVED). 

l:OUBLE~LENGTH SHIFTS OF RNV NUMBER OF POSITIONS <i3 THROUGH" 37) RRE 

RLSO PERFORMED IN PARALLEL. 

NOTE: WHEN DOUBLE LENGTH SHIFTS ARE SPECIFIED. THE AOD BUS CONTAINS THE HIGH 
ORDER PORTION OF THE SHIFTED QUANTITY FOR AS LONG AS THE DOUBLE-SHIFT 
IS IN CONTROL AND THE INPUTS ARE STABLE. 
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-1. 2. 2. 4 CRRRV CONTROL 

TWO FLIP-FLOPS ARE IN'VOLVED IN CfiRRV FUNCTIONS WITHIN THE RLU-SHIFTING COMPLEX: 
THE "CRRRV-IN HOLD" <CIH> RND THE "CRRRV-OUT HOLD" <COH). 

■[HE 37TH BIT POSITION INVOLVED IN DOUBLE LOGICAL AND ARITHMETIC SHIFTS 
(■SECTION 4.2.3.3) IS KNOWN AS THE "SH END" POSITION.) IT IS LOGICALLY LOCATED 
RT THE HIGH-ORDER <LEFT> END OF THE DOUBLE-LENGTH SHIFT UNIT. 

TWO OTHER ELEMENTS ARE REQUIRED IN THE MODEL TO BE EXPLAINED BELOW: 

R) TWO INDEPENDENTLY PROGRAMMABLE CONTROLS.. "LEFT CTL" AND "RIGHT CTL" 
B.> THE FOLLOWING MUTURLLV EXCLUSIVE NANOPRIMITI VE OPERATIONS: 

SET CIH CLEAR CIH SH TO COH 

SET COH CLEAR COH ALU TO COH 

ALU TO BOTH <COH RND CIH) 

F IGURE 4. 2. 3. 4A AIDS IN UNDERSTANDING THE RLU-SHIFT-CARRV SYSTEM. 

■fHE OUTPUT OF CIH IS PERMRNENTLV ENABLED AS ALU CARRV-IN. AND HAS NO 

(THER FUNCTION. 

CIH CAN BE LORDED FROM ONE OF TWO SOURCES: 

R) DIRECT PROGRAM LOAD: "SET CIH", "CLEAR CIH". 
B> ALU CARRV-OUTj EFFECTED BY "ALU TO BOTH". 

•!HE OUTPUT OF COH IS PERMANENTLY ENABLED TO SERVE THE FOLLOWING FUNCTIONS: 
R> SOLE INPUT TO THE SH END BIT POSITION. 

B) ONE OF TWO INPUTS TO THE "LEFT CONTROL SWITCH".. TO BE EXPLAINED. 

C) SOLE SOURCE OF THE "CARRY TEST" VALUE, ONE OF THE "LOCAL CONDITIONS" 
THAT CAN BE TESTED IN A NANOPROGRAM. 

COH CRN BE LOADED FROM ONE OF THREE SOURCES: 

R) DI.'^ECT NANOPROGRRM LORD: "SET COH". "CLEAR COH". 

B) ALU CARRV-OUTj EFFECTED BY "ALU TO COH" OR "ALU TO BOTH". 

C) OUTPUT OF THE "RIGHT CONTROL SWITCH". TO BE EXPLAINED. 

THE OUTPUT OF THE LEFT CONTROL SWITCH IS THE LOW-ORDER BIT POSITION OF THE 
.<.;0D BUS. IN ITS NORMAL STRTE.. THIS SWITCH CONNECTS THE SOD~LON-BIT TO THE 
LOW-ORDER BIT POSITION OF THE SHIFTER OUTPUT. WHEN THE "LEFT CTL" IS ACTIVE.. 
HOWEVER. THE LATTER CONNECTION IS BROKEN.. AND SOD-LOW-BIT IS INSTEAD TAKEN 
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FROtl THE OUTPUT OF COH. 

•(HE OUTPUT OF THE RIGHT CONTROL SWITCH SERVES THE SOLE FUNCTION OF PROVIDING 
f) SOURCE FOR LORDING COH <BV "SH TO COH"). IN ITS NORMRL STATE.- THIS SWITCH 
LORDS COH FROM THE OUTPUT OF THE SH END BIT POSITION. WHEN THE "RIGHT CTL" 
IS RCTIVE.. HOMEVER.. THIS CONNECTION IS BROKEN, AND THIS SWITCH INSTERD LORDS 
COH FROM THE LOW-ORDER BIT OF THE SID BUS. 



FIGURE 4, 2. 3. 4R 
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A. 2. 3. 5 TEST CONDITIONS 

INCLUDING CRRRV. THERE ORE SIX "LOCRL CONDITIONS". GEKERRTED BV RLU RND/OR 
SHIFTING OPERRTIONS.. WHICH CRN BE TESTED BV NflNOPRIMITI VES. THE.V ARE: 

CRRRV <C) OUTPUT OF COH.- RS DISCUSSED IN SECTION 4. 2. 3. 4. 

SIGN <S> THE HIGH-ORDER BIT ON THE ROD BUS. 

RESULT <R) NORMRLLV THE LOQICRL OR OF THE LOW-ORDER 17 BITS ON THE 
ROD BUS. HOWEVER. WHEN EITHER OF THE SPECIAL CRRRV 
CONTROLS.. "RIGHT CTL" OR "LEFT CTL".. RRE SET.. "RESULT" IS 
THE LOGICAL OR OF THE LOW ORDER 17 BITS ON THE ROD &US 
RND RLL 18 BITS ON THE SOD BUS. THUS RN ABSOLUTE ZERO 
VALUE.. EITHER 18 OR 3S BITS MRV BE TESTED WITH THE CONDITION 
OF BOTH S RND R EQUAL 0. 

OVERFLOW <0> THIS CONDITION IS THE LOGICAL OR OF SHIFTING OVERFLOW 
RND RLU OVERFLOW, SHIFTING OVERFLOW RRISES ONLV IN 
DOUBLE LEFT RRITHMETIC SHIFTS. AND IS DEFINED TO ARISE 
IF RND ONLV IF fl SERIAL <BIT-BV-BIT) SHIFT OF THE SAME 
NUMBER OF POSITIONS WOULD.. RT RNV TIME.. CHANGE THE VALUE 
OF THE HIGH-ORDER (SIGN) BIT OF ROD. RLU OVERFLOW ARISES 
<SEE SECTION 5. 6. £>. IF AND ONLV IF THE EIT-CRRRV SIGNALS 
PROPBGRTED INTO THE SIGN RND CARRV-OUT POSITIONS RRE OF 
OPPOSITE VALUES. 

SHIFTER HIGH BIT CSHB) THE HIGH-ORDER BIT ON THE SOD BUS. 

SHIFTER LOW BIT CSLE) THE LOW-ORDER BIT ON THE SOD BUS. 

SINCE IT IS HIGHLV DESIRABLE TO HAVE A CONVENIENT METHOD OF PRESERVING 
CONDITION BITS.. A LOCATION IS PROVIDED IN THE CPU FOR fi COPV OF ERCH OF THE 
:^.;.I>--; LOCRL CONDITIONS. THE NRNOPROGRRMMER CAN SET A CONTROL SUCH THAT WHEN 
GRTE RLU IS EKECUTED.- THE FOUR LOCRL CONDITIONS C S.. R.. RND RRE RUTGHAT I CRLL V 
COPIED INTO THEIR CORRESPONDING "GLOBRL CONDITION" BITS.. RND <UNDER SEPARATE 
CONTROL. > WHEN GATE SH IS EXECUTED.. THE TWO LOCRL CONDITIONS SHB RND SLB 
ARE COPIED INTO THEIR GLOBAL COUNTERPARTS. THEN.- INDEPENDENT NANOPRIMI T I VE 
"lESTS CAN BE MADE UPON THESE "GLOBRL CONDITIONS". 
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A. 2. 5. 6 SIXTEEN-BIT SIGDE 

H SPECIRL CPU FERTURE IS INCLUDED TO FRCILITRTE MRNIPULRTION OF 
BVTE-ORIENTED DRTR. R "16-BIT MODE" CONTROL CRN BE SET BV THE 

NRNOPROQRRHHER. WITH THE FOLLOWING EFFECTS: 

R) THE LOCRL CONDITIONS S.. R.. RND SHB RRE REDEFINED TO 

FUNCTION flS IF THE SHIFTER RND SHIFTER EXTENSION NERE ERCH 
16 BITS WIDE.. WITH THE VIRTUAL UNITS MRPPED ONTO THE LOW- 
ORDER 16 BITS OF THE IS-BIT UNITS <I.E. , THE S-TEST IS TRKEN 
FROM ROD BIT 15 INSTERD OF ROD BIT 17 — USING 0-ORIGIN 
NUMBERING.; ETC. ). THE "DOUBLE WIDTH" R TEST IS BRSED ON THE 
LOWER 33 BITS OF THE CONCRTENRTED ROD RND SOD BUSES. 

B) THE RIGHT CONTROL SWITCH SELECTS BIT 16' OF THE ROD BUS INSTERD 
OF THE OUTPUT OF THE SH END BIT TO LORD COH. 

C> THE RLU OVERFLOW CONDITION AND RLU CRRRV-OUT RRE REDEFINED TO 
FUNCTION RS IF THE RLU WERE 16 BITS WIDE.. WITH THE VIRTURL RLU 
MRPPED ONTO THE LOW-ORDER 16 BITS OF THE 18-BIT RLU. 
NOTE: SHIFTING OVERFLOW IS NOT REDEFINED. 

D> THE RIL RND RIR BUSES flUTOMRTICRLLV COPV THE 3RD-HIGHEST-0RDER 

BIT <I.E. .. THE SIGN BIT OF ft 16-BIT WORD? INTO THE TWO HIGH-ORDER 
POSITIONS^ THUS RRITHMETIC IN 16-BIT MODE RLSO GENERRTES CORRECT 
18-BIT RESULTS.. FOR LRTER USE IN 18-BIT MODE IF DESIRED. 
IMPORTRNT: THE "PRSS LEFT" RLU FUNCTION.. WHICH ROUTES THE CONTENT f.; 
OF RIL DIRECTLY RROUND THE RLU, RLSO BVFRSSES THIS SIGN-EXTENSION 
MECHRNISM. 
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A. 2. 4 CONTROL STORE 

CONTROL store: IS R FULLV RERDRBLE/WRITRBLE GENERRL-PURPOSE i8-BIT WIDt 
5.;TDRE.. IMPLEilENTED IN SEMICONDUCTOR MEMORV. IT IS fiVRILRBLE IN BLOCKS 
(IP IK S-IORDS.. UP TO R MRXIMUM OF 16K WORDS. 

Ti'E NRNOPRIMITIVES "RERD OS".. "WRITE CS"S BND "GATE CS" RRE PROVIDED TO RCCESS 
C-ONTROL STORE. THE RERD CS RND WRITE CS NflNOPRirilTI VES RRE fiCCOMPRHlED BV 
ft FIELD k'HlCH SELECTS THE SOURCE OF THE RDDRE5S IN CONTROL STORE RT WHICH 
n NDR!> IS TO BE RCCESSED. SOURCES OF CS ADDRESSES ARE RS FOLLOW: 

CIR: THE VRLUE ON THE CIR BUS.' FOR GENERRL-PURPOSE 

DRTR RCCESS. 
COD: THE VRLUE ON THE COD BUS.i FOR CONVENIENT 

INDIRECT RCCESS. " 
riPC.. MPC-M.. flPC-i-?.. MPC+B,. MPC + RB <LOW~ORDER 11 BITS OF R31>: 

UNCRE?1ENTS SIGN-EXTENDED. 2' S COMPLEMENT. ) 

FOR HICROINSTRUCTION SEQUENCING RND BRANCHING.. 

RND FOR RERDIHG MICROINSTRUCTION PRRRMETER LISTSi 

MICRO INSTRUCT I ON EXECUTION IS DISCUSSED IN 

SECTION 4. 5. 3. SELECTION OF WHICH OF THE 

FOUR MFC'S IS TO BE USED IS MADE BV R 

MECHRNISM SIMILAR TO R BUS CONTROL <SEE SECTION 4. 2. 2. 3> 
SWITCHES: THE <i2-BIT.> VALUE TAKEN FROM MANUAL SWITCHES 

IN THE MACHINE CABINET. 

NHEH R WORD HRS BEEN RERD OUT OF CONTROL STORE. IT APPERRS ON THE COD BUS.. 

flVP.ILRBLE FOR GRTING INTO R LOCAL STORE REGISTER BV EXECUTION OF THE 

MRHOPRIMITIVE GRTE CS. ONCE ESTABLISHED. A COD VALUE REMAINS UNTIL CHRNGED 
i;:V THE NEXT RERD CS OPERATION. 

WRITING fl WORD INTO CONTROL STORE IS ACCOMPLISHED BV PLRCING THE DATUM 
ON THE CID BUS.. AND THEN EXECUTING THE NRNOPRIMITI VE WRITE CS WITH THE 
RPPROPRIRTE CS ADDRESS SELECTED. 

)F RERD CS RND WRITE CS RRE EXECUTED SIMULTANEOUSLV.. READ CS IS IGNORED. 

nXECUTION OF RERD CS FROM R NONEXISTENT LOCATION GENERATES ZEROS ON THE 
COD BUSi EXECUTION OF WRITE CS RT A NONEXISTENT LOCRTION IS A NULL OPERATION. 
I;'UE TO THE MAXIMUM RLLOWRBLE RDDRESS SPACE FOR CONTROL STORE.. HOWEVER.. ALL 
CS--RDDRESSES RRE TRERTED MODULO KSK CLE... THE HIGH-ORDER THREE BITS RRE 

IGNORED?. 
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A. 2. 5 EXTERNRL STORE 

irKTERNRL STORE IS R BRNK OF 32 REGISTERS. PfiRTITIONED INTO SEVERRL GROUPS TO 
5;UPP0RT SPECIFIC FUNCTIONS: EXTERNRL PORTS.. INDEX REGISTERS. MRIN STORE 
RDDRESSING FRCILITIES. RND INTERRUPT CONTROL. 

RLTHOUGH ERCH TVPE OF ES REGISTER IS RSSOCIfiTED WITH SPECIRL HRRDWRRE 
1-BCILITIES TO IMPLEMENT ITS SPECIFIC FUNCTION, RLL 22 ES REGISTERS RRE 
liHIFORMLV RCCESSI8LE BV THE NRNOPROQRRM VIR THE EOD RND EID BUSES. TO PROVIDE 
THIS ACCESS IB IL I TV. TWO RDDITIONRL BUS CONTROLS RRE RSSOCIfiTED S^ITH EXTERNAL 
5;T0RE TRRNSFERS.. R5 FOLLOWS: 

KHILE THE DESTINATION END OF THE EOD BUS IS CONNECTED TO ONE OF THE 32 LOCRL 
STORE REGISTERS BV THE EOD BUS CONTROL. THE SOURCE END OF THE SRME BUS IS 
CONNECTED TO ONE OF THE 32 EXTERNRL STORE REGISTERS BV R DIFFERENT BUS CONTROL. 
LfiBELED EOR. THE TRBNSFER FROM ES TO LS IS EXECUTED BV THE NRNOPRIMIT I VE 
"GRTE ES". SIMILRRLV.. THE EXTERNAL STORE CONNECTION OF THE EID BUS IS SELECTED 
t;;V THE Eia BUS CONTROL. THE TRRNSFER FROM LS TO ES IS EXECUTED BV THE 
NRNOPRIMITIVE "LORD.ES". 

FUNCTIONS OF EXTERNRL STORE REGISTERS RRE RS FOLLOWS: 

E9 THROUGH E7: EIGHT PORT REGISTERS ftVftlLRBLE FOR INTERFRCING THE QM-i 
TO ITS ENVIRONMENT. THESE REGISTERS RRE DIRECTLV CONNECTRGLE TO MRIN 
STORE. <THE QM-1 EXTERNRL INTERFRCE IS DISCUSSED IN SECTION 4. 6. > 

E8 THROUGH E2i : FOURTEEN INDEX ALU OPERRND SOURCES. THESE INCLUDE EIGHT 
REGISTERS FOR GENERRL USE RND SIX REGISTERS FROM THE GROUPS BELOW. 

E16. Ei?: BRSE RDDRESS REGISTER RND FIELD LENGTH'REGISTER RSSOCIfiTED WITH 
MRIN STORE ADDRESSING (DISCUSSED IN SECTION 4. 2. 6. 2>. INCLUSION OF 
THESE MRCHIHE-CONTROL FUNCTIONS IN E16 RND Ei7 IS fi QM-1 OPTION.; IF 
SUCH FUNCTIONS RRE NOT INCLUDED. Ei6 AND Ei7 RRE SCRRTCH REGISTERS. 

Ei8 THROUGH E21 : FOURTEEN REGISTERS RSSOCIfiTED WITH INTERRUPT CONTROL. 

INTERRUPT FRCILITIES RRE DISCUSSED IN SECTION 4.5.2.4. THE REGISTERS 

INCLUDE: 

INTERRUPT ENRBLE BITS. 
INTERRUPT PENDING FLAGS. 
INTERRUPT RDDRESS FIELDS. 



E18 AND E19 
E20 RND E2i 
E22 Eli 



THE OVERALL LRVOUT OF EXTERNRL STORE IS SHOWN IN FIGURE 4, 2. 5R 
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4. 2. 6, 1 GENERBL 

miH STORE IS R GENERRL-PURPOSE 18-BIT-WIDE CORE STORRGE, RVRILRBLE lU BLOr.\(^, 
DF SK WORDS UP TO 256K tlflXIMUM <16K WORDS MINIMUtl). FULL CVCLE TIME I'=-n 8©^ 
NRNOSECONDS.^ SINCE LOK'ER-LEVEL CONTROL OPERRTIONS OCCUR RN ORDER OF MfiGNITUDE 
FHSTLR.. MfilN STORE IS WELL SUITED TO COKiTRIN PROGRRMS OF VIRTURL fEfiniHTED) 
KRCHINES WHOSE INSTRUCTIONS RECs'UIRE R HODERRTELV COMPLICRTED INTERPRETRTI ON 
RT LOWER LEVELS. ' ' 

FOR CONVENIENCE RND EFFICIENCV IN INPUT/OUTPUT PROCESSING.. THE TWO BUSES 
HSSOCIRTED WITH MRIN STORE CMIX RND NOD) MRV BE CONNECTED NOT ONLV TO RNV OF 
THE 52 LOCAL STORE REGISTERS., BUT RLSD TO RNV OF THE 8 PORT REGISTERS IN 
liXTERNRL STORE. THUS FOR THE MIK RND MOD BUS CONTROLS ONLV, THE PORT REGISTER^'; 
RRE TRERTED RS EXTENSIONS TO LOCRL STORE.c THEV ARE DESIGNRTED RS RS2 THROUGH 
RS9 WHEN USED IN THIS WRV. 
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4. 2. 6. 2 HS OPERRTIONS 

TO IKITIflTE R full <N0N-DESTRLICTI VE) RERD OPERRTION IN MRIN STORE. THE 

NRKOPRCGRnrlMER FIRST DETERrilNES THAT MRIN STORE IS NOT BUSV <"MS BUSV" IS ONE 

Vr THE "SPECIBL CONDITIOhS" fiVaiLflBLE FOR NRNOPROGRfin TESTING). RND THEN 
<;iHULTfiNEOUSLV EXECUTES THE TWO NRHOPRIMITIS'ES "MSGO" RND "f1SRS""<F0R "ilfilN 

5.T0RE RESTRRT"). MRIN STORE RCCESSES THE LOCRTIDN RDDRESSED BV THE VRLUE 

VM THE MIK BUS.. ftS MODIFIED BV ADDRESSING FRCILITIES WHICH RRE DISCUSSED 
IH THE NEXT SECTION. 

i-HEH THE ftCCESSED WORD IS RVRILRBLE.. RNOTHER SPECIAL TEST CONDITION.. "fIS 
DfiTR INVRLID".. BECOMES FRLSE.- RND THE NRNOPROGRRfl CRN GATE OUT THE WORD 
THROUGH THE tlOD BUS BV EXECUTING THE NflNOPRIMITI VE "GATE MS"; ACCESS TIME 

IS 648 NRNQSECONDS, 

THE SAME TNO NRNOPRIHIT I VES,. MSGO RND MSRS.- RRE USED TO CONTROL OTHER 
OPERATIONS OF MAIN STORE. RS FOLLOWS.: 

NHEN MSGO IS EXECUTED WITHOUT I1SRS. MRIN STORE BEGINS THE FIRST HRLF-CVCLE 
< "EXTRACTION PRRT".> OF R SPLIT-CVCLE OPERRTION. RS IN THE CRSE OF R FULL- 
KERD OPERATION.. THE RDDRESS IS TAKEN FROM THE MI.^ BUS. MAIN STORE WILL REMAIN 
i;;U::.V UNTIL THE COMPLETION OF THE SECOND HRLF-CVCLE <" INSERTION PART"). IN 
(HE SPLIT-CVCLE MODE OF OPERATION. HOWEVER. THE LATTER MUST BE EXPLICITLV 
INVOKED BV THE NANOPROGRAM EXECUTION OF MSRS; THE DATA WORD TO BE INSERTED 
(WRITTEN) IS TAKEN FROM THE MIX BUS AT THE TIME MSRS IS EXECUTED. THIS MODE 
OF OPERATION MRV BE USED IN TWO WRVS: 

■iO PERFORM R RERD.''MODIFV/WRITE SEQUENCE. THE NRNOPROGRRMMER INITIRTES SPLIT- 
CVCLE OPERRTION RS DESCRIBED RBOVE RND THEN. WHEN MS DATA INVALID BECOMES 
FALSE. GATES OUT THE EXTRRCTED WORD <GRTE MS> FOR MODIFICRTION <FOR EXAMPLE 
INDEXING) BV CPU FRCILITIES. WHEN THE MODIFIED WORD IS RERDV FOR INSERTION 
i.^■RCK INTO ITS MS LOCRTION. IT IS PLfiCED ON THE MIX BUS AND MSRS IS EXECUTED. 
?;iNCI£ MS BUSV WILL BECOME FALSE AT THE COMPLETION OF THE SECOND HRLF- 
CVCLE. THIS OPERRTION CRN OFFER SIGNIFICRNT TIME SRVINGS OVER THE 
ALTERNATIVE FULL-READ. DATA MANIPULATION. FULL-WRITE SEQUENCE. ESPECIRLLV 
IF THE MODIFICRTION PERIOD IS RELRTIVELV SHORT, 

RLTERNRTIVELV. TO PERFORM R "FULL WRITE". THE NRNOPROGRRMMER INITIRTES 
SPLIT CVCLE OPERRTION RS DESCRIBED RBOVE RND THEN RT RNV TIME THERERFTER — 
)NCLUDING IMMEDIATELY AFTER MSGO -- PLACES THE WORD TO BE INSERTED ON THE 
MIX BUS AND EXECUTES MSRS. IF MSRS IS RECEIVED DURING THE FIRST HALF-CVCLE 
OF SPLIT-CVCLE OPERATION. MAIN STORE WILL LATCH THE DATA-IN WORD FROM 
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lUE MIX BUS AND "REflEMBER" TO INITIATE THE SECOND HRLF-CVCLE flS SOON RS 
POSSIBLE. 

R DISTINCT RDVRNTRGE TO LESSENING THE DISTINCTION BETWEEN THE FULL-WRITE RND 

RERD/HODIFV/WRITE FUNCTIONS IS THRT THE NRNOPROGRRM CRN INITIRTE R I1RIW STORE 
OPFRRTIOW WITHOUT MRKIN6 R COMMITMENT TO EITHER OF THE TWO FUNCTIONS.: IF THE 
KRNOPROGRRH SUBSEQUENTLV DECIDES THRT THE OPERRTION IS TO BE R FULL-WRITE. NO 
TIME LOSS IS INCURRED IF THE DECISION IS MADE BEFORE THE END OF THE FIRST HRLF- 
CVCLE. <IN FRCT, THE FULL-RERD FUNCTION MRV ALSO BE ACHIEVED IN THE SPLIT- 
i:VCLE MODE. ALTHOUGH WITH R SLIGHT DEGRRDRTION IN CVCLE TIME DUE TO ROUTING 
DELflVS. > THIS FRCILITV IS THUS USEFUL IN IMPLEMENTING CERTRIN MAIN STORE 
MODIFICATION LOOK-RHERD SCHEMES. 

NOTES: 

.1. MAIN STORE IGNORES RNV MSGO SIGNAL RECEIVED WHEN MS BUSV IS TRUE. 
(SEE SECTION 5. 4. 2. ) 

2. MAIN STORE IGNORES RNV MSRS SIGNRL RECEIVED WHEN EITHER: 
R) MS IS NOT BUSVj OR 
B> MS IS BUSV IN FULL READ MODE.' OR 
C) THE SECOND HRLF-CVCLE IN SPLIT-CVCLE 

MODE IS RLRERDV IN PROGRESS. <SEE SECTION 5. 4. 3. ) 

:J. WHEN EITHER MODE OF OPERRTION IS INITIATED: 
fl> MS BUSV BECOMES TRUEj 
B> MS DATR INVALID BECOMES TRUE.! RND 
C> MOD IS CLEARED TO ZEROS. 

4. WHEN THE SECOND HALF-CVCLE OF SPLIT-CVCLE MODE IS INITIATED. 
MOD TAKES ON THE VRLUE OF THE WORD BEING INSERTED. NOTE.. 
HOWEVER.. THRT MS DRTR INVRLID IS SET "TRUE". 
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A. 2. 6. 3 MS ADDRESSING RND PROTECTION <QM-1 OPTION) 

R Qf1-1 OPTION IS THE USE OF EXTERNRL STORE REGISTER 16 RS THE BRSE REGISTER 
RND EXTERNRL STORE REGISTER 17 fiS THE FIELD LENGTH REGISTER flSSOCIRTED WITH 
THE BBSE-RDDRESSIHG.. 14R ITE-PROTECT ION.. RND RDDRESS-RLRRH FRCILITIES TO BE 
DMSCRIBED BELOW, IF THIS OPTION IS NOT PRESENT, THEN: 

R> Ei6 RND El? RRE RVRILRBLE FOR SCRRTCH USE.: RND 

B> THE FRCILITIES DESCRIBED BELOW OPERATE RS IF THE BRSE REGISTER 

PERMRNENTLV CONTAINED THE VALUE ZERO RND THE FIELD LENGTH REGISTER 

PERMflNENTLV CONTAINED THE VALUE 2**18-1. 

K'HENEVER MAIN STORE USES THE VALUE ON THE MIX BUS RS RN ADDRESS.. THAT VALUE 
IS TREATED AS A DISPLACEMENT; IT IS ADDED TO THE CONTENTS OF THE BASE 
REGISTER TO VIELD THE TRUE <ABSOLUTE> ADDRESS TO BE ACCESSED. 

riN MS ADDRESS VIOLATION PROGRRM CHECK IS GENERATED IN EITHER OF THE 

FOLLOWING TNO CASES: ■ 

fl> WHEN RN MS RCCESS OF RNV KIND USES RN RBSOLUTE RDDRESS NHICH 
FALLS OUTSIDE THE RLLOWED RANGE DEFINED BV THE BRSE RND FJELD 
LENGTH REGISTERS. THE LOWEST ADDRESS IN THE ALLOWED 
RANGE IS THE VALUE OF THE BASE REGISTER.: THE NUMBER 
OF WORDS ^CONSECUTIVE LOCATIONS) IN THE ALLOWED RANGE 
IS GIVEN BV THE CONTENTS OF THE FIELD LENGTH REGISTER 
<S0 THAT ALL RCCESSES RRE VIOLRTIONS WHEN THE FIELD 
LENGTH REGISTER IS SET TO ZERO). WRAPAROUND OF RNV KIND 
IS DISALLOWED. 

B) WHEN RN MS ACCESS OF RNV KIND ADDRESSES R LOCATION NHICH IS 
NOT PHVSICRLLV PRESENT IN MAIN STORE. 

FOR THE CONVENIENCE OF PROQRAsIS USED RS "PRIVILEGED" OR "5VSTEM" ROUTINES.. 
(••; NRNOPRIHITIVE CONTROL ("DIRECT MS RCCESS") CAN MOMENTRRILV FORCE THE 
HFri-ICTIVE VALUE OF THE EASE REGISTER TO ZERO AND THE EFFECTIVE VALUE OF THE 
l-IELD LENGTH REGISTER TO 2**18-1 <E16 AND E17 THEMSELVES DO NOT CHANGE VALUE). 

JH ADDITION TO GENERATING THE PROGRRM CHECK.. DETECTION OF MS ADDRESS VIOLRTION 
?,:F.Tf. HOD TO ALL ONES RND LEAVES THE CONTENTS OF THE MEMORY UNCHANGED. 

IN ALL MODES OF MAIN STORE OPERATION. A PROGRRM CHECK IS GENERATED IN THE 
CASE OF FAILURE OF A PfiRlTV TEST AUTOMAT I CRLLV MADE UPON THE EXTRRCTED WORD. 
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4. 2. e. 4 RI1I UNIT <Qf1-i OPTIONi FURTHER SPECIFICATIONS TO BE RNNOUNCED) 

IF DESIRED. THE CONTENTS OF THE MOD BUS CRN BE ROUTED THROUGH THE Rfll UNIT 
BEFORE BEING GATED INTO R LOCRL STORE REGISTER OR R CHANNEL REGISTER. 

■fHE RMI UNIT - ROTRTE.. MASK, AND INDEX - IS R GENERAL-PURPOSE DATfl-TRRNSFORMR- 
IION DEVICE WITH SPECIAL APPLICATION IN EXTRACTING FIELDS AND DECODING 
INFORMflTIOH WHEN EMULRTINQ R "MAIN STORE MACHINE". THE OPERATION OF THE RMI 
l.iWIT PASSES R NORD THROUGH THREE SUCCESSIVE 5TRGES OF TRANSFORMATION: 

R) THE INITIAL VALUE UNDERGOES A RIGHT CIRCULAR SHIFT BV THE 
NUMBER OF POSITIONS SPECIFIED IH A ROTRTE PRRRMETER.' 

B> THE RESULT OF THIS OPERATION IS LOGICRLLV ANDED WITH AN 
IB-BIT MASK PRRRMETERJ 

C> THE RESULT OF THIS OPERRTION IS RDDED <2-'S COMPLEMENT) TO 
RN IS-BIT INDEX PARAMETER TO VIELD THE FINAL RESULT. 

THERE RRE THREE SETS OF SUCH PARAMETERS. SELECTION OF ONE OF THE THREE 
P-RRAMETER SETS IS ASSOCIATED WITH THE GRTE MS NRNOPRIMI T I VE-f R FOURTH 
OPTION IS TO BVPRSS THE RMI UNIT. 



k'ote: 



SINCE THE MOD SOURCE VRLUE REMAINS STABLE UNTIL CHANGED BV 
A MAIN STORE OPERATION/ THE SBllfe WORD MAV BE TP.kEN THROUGH - 
R SUCCESSION OF DIFFERENT RMI TRRNSFORMATIOWS <RND ALSO ROUTED 
TO DIFFERENT DESTINATIONS) WITHOUT RE-CYCLING MAIN STORE. 
THE RMI PARAMETERS MfiV BE CHANGED RS OFTEN RS DESIRED BV THE 
NRNOPROGRRMMER. 
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■1. 3: SIX-BIT CONTROL STRUCTURE 
4. 3. 1 GENERRL 

•.'HE LRRGE NUMBER OF HRRDWRRE RESOURCES IN THE QM-l RND THE FLEXIBILITV WITH 
NHICH THEV flRV BE USED REQUIRE R LRRGE VRRIETV OF CONTROL INFORMfiT I ON,. 
DVNRHICRLLV CHRNGERBLE DURING THE EXECUTION OF USER PROGRRMS. 

RRTHER THRN HRVING RLL SUCH INFORHRTION PLRCED IN fi STORE FROM WHICH 
IHSTRUCTIONS RRE EXECUTED.. THE CONCEPT OF "RESIDURL CONTROL" IS IMPLEtlENTED. 
REGISTERS rlRE PROVIDED Ih THE MfiCHINE FOR HOLDING THIS HBRDlvlflRE-CONTROLLI NG 
IHFORMRTIOH. THESE REGISTERS CRN BE LORDED RT THE EXPLICIT COtinRND OF RN 
HXECUTIHG PROGRRM.: THEIR CONTENTS WILL REMfilN IN CONTROL OF THEIR ASSIGNED 
HRRDNRRE FUNCTIONS UNTIL RELORDED <HENCE "RESIDURL CONTROL"). IN THIS tIRNURL.. 
THE TERMS "RESIDURL CONTROL" RND "NRNOPRIMITI VE CONTROL" RRE USED WITH MUTURLLV 
HXCLUSIVE DEFINITIONS. 

RESIDUAL CONTROL FUNCTIONS IN THE QM-l RRE MfilNTftlNED IN R ERNK OF SIX-BIT 
REGISTERS KNOWN ftS F-STORE. fl COMPLETE SVSTEM OF NRNOPRIMI TI VE CONTROLS RND 
SIK-E'IT DRTfl PRTHS EXISTS FDR TRRNSFERRING QURNTITIES BETWEEN F-REGISTERS RND 
n SET OF SIX-BIT SOURCE RND DESTINRTION FIELDS ELSEWHERE IN THE HRCHINE.. RND 
f-GR MRNIPULRTING THESE DRTR. 

THE SIX-BIT SOURCE RND DESTINRTION FIELDS <FROM THE POINT OF VIEW OF F-STORE) 
fiRE COLLECTIVELY KNOWN flS RUXILIRRV <ftUX) FIELDS.- RLTHOUGH SOME ARE CONTROL 
REGISTER? IN THEIR OWN RIGHT. 

IHE SRME RULES OF SIMULTRNEOUS BUSING RPPLY TO BOTH 18-BIT AND SIX-BIT 
IRRNSFERS- SUCH THRT IF TWO OR MORE SOURCES RRE GRTED INTO THE SRME 
DESTINRTION SIMULTRNEOUSLV.. THE LOGICRL "OR" OF THOSE SOURCE VALUES RPPERRS 
RT THE DESTINRTION. 
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F-STORE 



A. 3. 2. 1 GENERRL 

•I HE 32 SIK-BIT REGISTERS IN F-STORE. NUMBERED F0 THROUGH F31/ RRE ALL 
UNIFORMLV ftCCESSIBLE FOR THE PURPOSE OF LORDING FROM SIX-BIT SOURCE FIELDS 
r-lHD RERDING INTO SIX-BIT DESTINRTION FIELDS. EXECUTION OF SUCH SIX-BIT 

TRfsrxSFERS RND THE fiSSOCIRTED RDDRESSING IN F-STORE (RS WELL flS SELECTION 

OF SOURCE RHD DESTINRTION FIELDS) RRE RCCOMPLISHED ENTIRELY BV NRNOPRirilTIVE 

CONTROL. 

5IMILRRLV.. NRNOPRIMITIVE CONTROLS MRV BE RPPLIED UNIFORMLY TO RNV REGISTER 

):K' F-STORE TO INCREMENT <BV ONE) OR DECREMENT CBY ONE) THE CONTENTS OF 

IHflT REGISTER (MODULO 64). 

IT IS CONVENIENT. HONEVER.. TO flPPRORCH F-STtiRE RS PRRTITIONED INTO THREE 
GROUPS. BV FUNCTION: BUS CONTROL F' S, SPECIRL F' S, RND G"S. THIS IS SHOWN 
]H FIGURE 4. 3. 2R. 
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4. :<. 2. 2 BUS CONTROL F' S 

THE FIRST 14 F-REGISTERS RRE THE BUS CONTROLS <SEE SECTION 4.2.1); THEV 
RRE SVMBDLICRLLV REFERENCED IN RSSOCIRTION WITH THEIR BUS NfiMES CFFIOD.. 
TROD.. ETC.). WITH THE RDDITION OF FEIR RND FEOfl. THE CONTENTS OF THESE 
REGISTERS RRE INTERPRETED IN ONE OF THREE WftVS TO RCHIEVE BUS CONTROL.. 
DEPENDING ON THE NRTURE OF THE flSSOCIRTED BUS. 

■\Ht CONTENTS OF RN F-REGISTER fiSSOCIRTED WITH THE DESTINRTION END OF R BUS 
(WITH THE EXCEPTION Or FMOD) RRE USED MODULO 32 TO RDDRESS (.'CONNECT) fi 
LOCAL STORE REGISTER <FSOD.. FfiOD. FEOD. FOOD) OR.. IN THE CRSE OF FEIR.. RN 
iiXTERNRL STORE REGISTER. <THE HIGH-ORDER BIT IS IGNORED FOR BUS CONTROL 
i-U.RPOSES.. RLTHOUGH IT IS PHVSICRLLV PRESENT IN THE F-REGISTER RS LORDED, ) 

THE CONTENTS OF RN F-REGISTER flSSOCIRTED WITH THE SOURCE END OF R BUS 

il'illH THE EXCEPTION OF FniK.> RRE USED MODULO 64 TO RDDRESS (CONNECT) R 

LOCRL STORE REGISTER CFSID.- FRlC FRIR. FEID. FCIR. FCID). IF THE RDDRESS IS 

OREfiTER THRN 31 (I.E. .. IF THE HIGH-ORDER BIT IS SET).. THE BUS IS CONNECTED 

TO R PERMRHENT SOURCE OF RLL ONES.. RRTHER THRN TO R LOCRL STORE REGISTER. 

IN THE CRSE OF FEOR GREATER THRN Si. THE EOD BUS IS CONNECTED TO R SOURCE OF 

RLL ZEROS RATHER THRN TO RN EXTERNAL STORE REGISTER. 

SINCE MIX RND MOD HfiVE RN ADDRESSING RRNGE BEVOND 32 (SEE SECTION 4. 2. S. 1).. 
.<:;PEC:IRL RULES RRE USED IN INTERPRETING THE BUS CONTROL FUNCTIONS OF FMIX 
MHD FMOD.; THESE F-REGISTERS ARE USED MODULO 64. WITH THE EIGHT PORT 
REGISTERS (EO THROUGH E7 -- SEE SECTION 4.2.5) TRERTED AS CONTIGUOUS 
i.-KTENSIONS TO LOCRL STORE FOR THIS PURPOSE. SINCE THE MIX AND MOD BUSES 
MRV NOT BE CONNECTED TO RN EXTERNRL STORE REGISTER BEVOND THE PORT REGISTERS. 
"(HE FOLLOWING RULES RPPLV: 

1. WHEN FMIK CONTRINS R VRLUE GREATER THRN 39 (CORRESPONDING 
TO E7. THE LAST PORT REGISTER). THE MIX BUS TAKES THE VRLUE 
OF RLL ONES. 

2. WHEN FMOD CONTAINS fl VRLUE GREATER THRN 39.. GATE MS IS R 
NULL OPERATION. 
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4. 3. 2. 3 SPECIAL F'S 

THE NEXT SIX F-REGISTERS SERVE SPECIAL CONTROL FUNCTIONS) SOME OF WHICH HAVE 
BEEN MENTIONED PREVIOUSLY. 

FACT: <AUXILLRRV ACTION? FACT IS USED AS A SOURCE VALUE TO SPECIFY 
A VARIETY OF SPECIAL ACTION COMMANDS. THESE ARE DESCRIBED IN 

SECTION 5. 8. 2. 

FLIV: «:L00P INPUT VALUE) FLIV IS AN F REGISTER AVAILABLE FOR USE IN 
"COUNTING" STEPS WITHIN A NANOPROGRRM. ANY F REGISTER CAN BE 
INCREMENTED OR DECREMENTED UNDER NRNOPROGRAM CONTROL. IN 
ADDITION. A "SPECIAL CONDITION" CRN BE TESTED TO DETERMINE 
WHETHER OR NOT ANY SELECTED F REGISTER CONTAINS THE VALUE ZERO. 
FLIV IS AVAILABLE FOR PRIMARY USE IN THIS FASHION. 

FMPC: THE CONTENTS OF FMPC MODULO 4, SELECT ONE OF THE FOUR MICRO 
PROGRAM COUNTERS IN LOCAL STORE TO BE USED FOR MPC OPERATIONS 
<SEE SECTION 4. 2. 2>. THE SELECTION IS ACCORDING TO: 



FMPC <MOD 4> 


MPC 


e 


R24 


1 


R25 


2 


R26 



3 R27 

FIDX: <1NDEX) FIDX IS PARTITIONED INTO THREE FIELDS.- EACH OF WHICH 
CONTROLS A DIFFERENT BASIC MACHINE FUNCTION. NUMBERING THE 
BITS 5. 4, 3. 2, X, ©.. THE FIELDS ARE AS FOLLOWS: 

BIT 5: i6-BIT-M0DE CONTROL; "1" FOR 16-BIT MODE. "6" FOR 18. 

BITS 4 AND 3: MEMORY MODE CONTROL <SECTION 4.8); 
"0" FOR NORMAL, "1" FOR READ-ONLY 
BIT 4 - CONTROL STORE, BIT 3 - NANOSTORE 

BITS 2, 1, 0: NANOSTORE PAGE INDEX.- USED IN NANOSTORE 

ADDRESSING UNDER MICRO CONTROL. (SECTIONS 4.5.3. 4. 5. 4> 

FIST: (STATUS) THE SIX BITS OF FIST CONTAIN THE "GLOBAL CONDITIONS" 
MENTIONED IN SECTION 4.2.3. SINCE THE FIST BITS CAN BE TESTED 
BY NRNOPRIMITIVE CONTROLS WHICH ARE INDEPENDENT OF THOSE USED 
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TO TEST THE "LOCRL CONDITIONS", RND SINCE RNV F-REGISTER CRN Bli 
LORDED HITH R SIK-BIT QURNTITV, FIST MRY RLSO BE USED RS R 
GENERRL-PURPOSE BIT-TESTING FRCILITY. 

THE POSITIONS OF THE TEST BITS IN FIST RRE : 



/ SHB /C^S/R/0/ SLB 
BIT 5 4 3 2 1 e 



FIPH: <PHR?JTOM) FIPH IS R SPECIRL F THRT GIVES THE HRNOPROGRRMMER 
THE RBILITV TO TRRHSFER ft VRLUE FROM R SOURCE fiUX TO R 
DESTINATION RUX WITHOUT USING TWO T-STEPS RS WOULD BE REQUIRED 
WHEN GOING THROUGH RN F REGISTER, RND WITHOUT DESTRDVING THE 
VRLUE IN RN F REGISTER. THIS IS POSSIBLE BECRUSE FIPH IS NOT 
TRULV R REGISTER. HRVING NO DRTR-STORING CRPRBILITV, IT IS fl 
DIRECT CONNECTION BETWEEN THE INPUT AND OUTPUT BUS STRUCTURES 
OF F-STORE. IF NRNOPRIMI TI VE5 RRE SIMULTRNEOUSLV EHECUTED TO 
INPUT TO FIPH FROM fl SIX-BIT SOURCE FIELD AND OUTPUT FROM FIPH 
INTO R SIX-BIT DESTINATION FIELD.. THE RESULT IS A DIRECT 
TRANSFER FROM THE SOURCE FIELD TO THE DESTINATION FIELD. IF 
ONLV R LORD INTO FIPH IS EXECUTED, THERE IS NO EFFECT.' IF ONLV 
R GRTE OUT OF FIPH IS EXECUTED, THE TRANSFERRED VALUE IS ZERO. 

NOTE: TRANSFERS FROM SOURCE flUX TO DESTINRTION RUX VIA FIPH 
MUST BE PLACED IN A STRETCHED T-STEP. 
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4. :<:. 2. 4 C'S 

•!HE LRST THELVE REGISTERS IN F-STORE BRE KNOWN RS G-FIELOS.. OR Q' S. THE 
G'S HRVE NO DIRECT DEDICATED MACHINE-CONTROL FUNCTIONS IN THEMSELVES. BUT 
BRE USED IN PROGRRMMING SYSTEMS TO STORE BRCK-UF CONTROL INFORMfiTION.. ftS 
l-DLLDWS: 

FIRST, SINCE THE G' S ARE R PRRT OF F-STORE.. RNV G flRV BE LORDED FROtI RNV 
<;DURCE RUX.. OR RERD INTO RNV DESTINRTION RUN. <HENCE ONE USE OF G' S IS FOR 
•iEHPDRRRV. OR SCRRTCH.- STORRGE IN SIX-BIT PROGRRMMING.. WITHOUT INHIBITING 
■|HE USE OF MRCHINE FUNCTIONS. > 

SECOND.. THE G' S HAVE THE SPECIRL PROPERTV THRT THEV RRE ALSO RDDRESSRBLE 

f-lS SOURCE ftUK FIELDS.. RND HENCE HRV BE TRRNSFERRED DIRECTLY TO RNV REGISTER 

IN F-STORE (INCLUDING G'S). THEREFORE THE G"' S PROVIDE SPRCE FOR THE PR06RRI1I1ER 

TO STORE CONTROL INFORMRTION THRT WILL SUBSEQUENTLY BE TRRNSFERRED INTO 

COR EXCHRNGED WITH.^ BUS CONTROL F' S.- SPECIAL F' S.. RND/OR OTHER CONTROL 

REGISTERS <I.E. , CERTRIN DESTINRTION AUX FIELDS). IN THIS SENSE. THE G'S 

SERVE THE FUNCTION OF R "SECOND LEVEL" OF RESIDURL CONTROL. 

NOTE: RS fl SOURCE. G'S MRV BE REFERRED TO fiS G'S OR RS THEIR CORRESPONDING 
F-S. DEPENDING ON THE TRRNSFER. E. G. GO = F2e. RS fl DESTINATION THEV tIflV ONLY 
i:iE F'S. 
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-1. jt. 3 flUX FIELDS 

fHVRILRBLE SOURCE RUX FIELDS <WHIC:H CRN BE LORDED INTO F-STORE> ARE : 

C. R, B: THE THREE SIX-BIT FIELDS OF R31, fiS INTRODUCED 

IN SECTION 4. 2. 2. 

KR.. KB. SIX-BIT FIELDS FROM THE EXECUTING NRNOWORD 

KX.. KT. TO BE DISCUSSED BELOW RND IN SECTION 4. 5. 1. 

KS: KR RND KB ORDINRRILV RRE USED FOR CONSTRNT 

RND/OR SCRRTCH STDRRGE. 

GO ~ Gil: THE 12 G' S <SEE SECTION 4, 3. 2. 4>. 

•(HE FOLLOkfiNG RDDITIONRL SOURCE RUX'S RRE NOT REGISTERS: 

RLUF: OUTPUT OF SIX-BIT ALU, TO BE DISCUSSED IN SECTION 

4. 3. 4 CQH-l OPTION). 

10 ID: R SIX-BIT IDENTIFICATION NUMBER ASSOCIATED WITH A 

DEVICE ON RN EXTERNAL PORT.: SEE SECTIONS 4. 6.. 5, 5. 2. 

INCFl. DECFl. INCREMENTS RND DECREMENTS OF F-STORE ELEMENTS 
INCF2.. DECF2: (SECTIONS 5. 5. 2, 5. 6. 6>. 
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f-VRILflBLE DESTINATION fiU.X FIELDS < TO WHICH F-STORE CRN BE OUTPUT) RRE ; 
C- R.- B: SEE RBOVE. 
Kfl.- P<B: SEE RBOS<'E, 

'<fii-C;: R FIELD WHICH SPECIFIES THE OPERRTION OF THE 

RLU <FlLU CONTROL). 

I'SHC: R FIELD WHICH SPECIFIES SHIFTING OPERATION^ 

(SHIFT CONTR:OL). 

i<Sm: R FIELD WHICH SPECIFIES NUMBER OF POSITIONS 

TO SHIFT (SHIFT AMOUNT). 

'^'5: R SIX-BIT MASK FIELD RSSOCIRTED WITH GLOBAL 

CONDITION <FIST) TESTING. 

'<T: R SIX-BIT MASK FIELD ASSOCIATED WITH LOCAL 

CONDITION TESTING. 

^-><- R SIX-BIT MASK FIELD RSSOCIRTED WITH SPECIRL 

CONDITION TESTING. 

KA.. KB.. KRLC KSHC- KSHA.. KS, KT.. AND KX ARE ALL SIX-BIT FIELD^: IN THE 

EXECUTING NRNOWORD <SE£ SECTION 4.5.1). 
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4.2.4 RLUF <G)M-1 OPTION^ FURTHER' SPECIFICfiTIONS TO BE RNNOUNCED) 

fi SIX-BIT RLU.. SIMILRR IN CHRRfiCTERISTICS TO THE 18-BIT RLU.. OPERRTES UNDER 
NRNOPRIMITIVE CONTROL TO GENERP.TE P.RITHMETIC RND LOGICRL FUNCTIONS FROM 
•fi-JD S IK-BIT INPUT.?, 

THE LEFT INPUT TO "RLUF" IS RNV REGISTER IN F-STORE <SELECTED BV NRNOPRIMITI VE 
rONTROLS-^J THE RIGHT INPUT IS SIMILRRLV SELECTED FROM THE LIST: 

GO-Gli.. 10 ID. B.. KS,. KT. 
THE OUTPUT OF RLUF MRV BE LORDED INTO RNV REGISTER IN F-STORE. 

Jr THE RLUF IS NOT PRESENT.. OPERRTIONS DEFINED TO GRTE ITS OUTPUT PRODUCE 

f-i ZtRO VRLUE. 
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A. 4 TIMING 

•fHE QM-1 CPU IS ft SVNCHRONOUS DEVICE. DRIVEN BV ft SINGLE MACHINE CLOCK WHOSE 

PERIOD IS 80 NnNOSECONDS. 

10 RLLOS^ THE HflRDWRRE-LEVEL USER INTItlfiTE ftCCESS TO RND CONTROL OF QM-1 
HRRDWRRE FftClLITIES.. NRNOPROGRRM STEPS ORE EXECUTED RT THE MRCHINE CLOCK RATE. 

ID AVOID RMBIGUITV IN DISCUSSING THREE CLOSELV RELATED CONCEPTS, THE FOLLOWING 

•[ERI1S ARE USED IN THIS MANUAL: 

T-PERIOD: fl PERIOD OF ELAPSED TIME EQUAL TO 

THE CLOCK PERIOD; 89 NANOSECONDS. 

T-STEP: AN ELEMENTARV EVENT IN PROGRAM 

CONTROL; A SINGLE STEP OF NANOPROGRRM 
EXECUTION, A T-STEP CONSISTS OF THE 
SIMULTANEOUS <PARRLLEL> EXECUTION OF SOME 
NUMBER OF NANOPRI MITIVE COMMANDS 
<NflNOPRIMITIVES>. A T-STEP GENERALLV 
OCCURS IN ONE T-PERIOD, BUT FOR CERTAIN 
PURPOSES IT MAV BE EXPANDED < BY THE 
"STRETCH" NAN0PRII1ITIVE> TO LAST FOR TWO 
T-PERIODS. 

T-VECTOR; R STRING OF BITS REPRESENTING A SET OF 

NANOPRI MI TIVES TO BE EXECUTED CONCURRENTLV 
IN R SINGLE T-STEP, THE "ACTIVE T-VECTOR" 
CORRESPONDS TO THE "CURRENT T~STEP". 
<PROQRflM CONTROL IS PRESENTED IN DETAIL 
IN SECTION 4. 5, ) 

NHEH THERE IS NO DANGER OF CONFUSING THE THREE CONCEPTS OF TIME <T-PERIOD.^, 
EVENT <T-STEP). AND PHVSICAL ENTITV <T-VECTOR), THE TERM "T" MAV BE USED; 
FOR EXAMPLE: "A 24-HOUR QM-1 WORKING DAV IS EQUIVALENT TO MORE THAN A 
TRILLION T-S, " <"T" IS DERIVED FROM "TEE": TIME.. EVENT.. ENTITV. > 

ALL NRNOPRIMITIVES MAV BE CLASSIFIED AS EITHER "LEADING-EDGE" CLE) OR 
"TRAIL ING-EDGE" <TE,\. ACCORDING TO WHETHER THE FUNCTION THEV DEFINE TAKES 
irFFECT AT THE BEGINNING OR THE END.. RESPECTIVELY.. OF THE T-STEP IN WHICH 
•(HEV ARE EXECUTED. IN GENERAL, THE EFFECT OF TRAI L ING-EDGE NANOPR I MI TI VES 
<THE LARGER CLRSS> MAY BE CONSIDERED TO OCCUR AT THE END OF THE T-STEP IN 
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K'HICH THEV OCCUR. FOR EXflflPLE, fiLL NfiNOPRIMI TIVES WHICH TRANSFER VflLUES INTO 
REGISTERS <18-BIT OR SIX-BIT) RRE TRRILING-EDGE. LEADING-EDGE NflNOPRIMITI VES. 

ON THE OTHER HRND. INITIRTE PROCESSES WHICH HRVE R DURRTION Or ONE OR MORE 
•i -PERIODS; EXRMPLES RRE RERD CS.. M5G0. THE DURRTION OF SUCH PROCESSES RRE 
tIERSURED FROM THE BEGINNING OF THE T-STEP IN WHICH THEIR NRNOPRI'NIT I VES ARE 
iiXECUTED, THE "STRETCH" NRHOPRIili TI VE SEPRRRTES THE LEfiDING EDGE OF R T-STEP 
FROM THE TRAILING EDGE BV ONE EXTRA T-PERIDD. 

•[HE DIFFERENCE BETWEEN A T-STEP AND A T-PERIOD IS IMPORTANT WHEN BOTH LEADING- 
HDGE AND TRAILI NG-EDGE NANOPRI MI TI VES ARE PROGRAMMED. FOR EXAMPLE. IF RERD CS 
<LtRDING-EDGE> AND GATE CS <TRRIL I NG-EDGE) ARE PROGRAMMED IN THE SAME T-STEP. 
flHI> THAT T-STEP IS NOT STRETCHED, CONTROL STORE WILL NOT GENERATE THE NEW VALUF 
OH THE COD BUS IN TIME FOR THE GATE CS. IF, HOWEVER.. THE T-STEP IS STRETCHED.. 
SHE VALUE G.ATED INTO LOCAL STORE WILL BE THAT GENERATED BY THE READ CS.. SINCE 
I HE TIME SPAN BETWEEN THE LEADING AND TRAILING EDGES OF fi STRETCHED T-STEP IS 
•n«IO T-PERIODS.. ENOUGH FOR A CONTROL STORE CYCLE. (TIMING CONSIDERATIONS FOR 
PROGRAMMING CONTROL STORE AND OTHER LEADING-EDGE OPERATIONS WILL BE DISCUSSED 
IN DETAIL IN SECTION 5. 3) 

ALL REGISTER TRANSFERS.. BOTH i8-BIT AND SIX-BIT, RRE CONTROLLED BV TRAILING- 
iiDGE NRNOPRI MI TIVES. SINCE THESE OPERATIONS RRE SYNCHRONOUS.. THE SAME REGISTER 
I-FFECTIVELY CRN BE LOADED AND READ IN THE SAME T-STEP <" SIMULTANEOUSLY" ) . 
I.'ITHOUT LOSS OF DATA. GIVEN THE MODEL THAT REGISTER "REG" IS TO BE GATED TO 
REGISTER "DEST" AND LORDED FROM REGISTER "SOURCE" SIMULTANEOUSLY, THEN THE 
5.;TRTE BEFORE THE OPERATION IS THAT THE DATA FROM SOURCE IS PRESENT ON THE BUS 
FROM SOURCE TO REG, AND THE DATA IN REG IS PRESENT ON THE BUS FROM REG TO DEST s 
•fHE EFFECT OF THE NANOPRIM I TI VES IS THEN TO LATCH ("CLOCK IN") THE BUS VALUES 
INTO REG AND DEST. PROPAGATION DELAYS ARE SUCH THAT DEST WILL HAVE LATCHED ITS 
NEW VALUE BEFORE THE NEW VALUE IN REG HAS TIME TO REACH THE BUS FROM REG TO 
D.EST. IT IS QUITE IMPORTANT, HOWEVER, THAT THE NEW VALUES RRE ON THE BUSES AND 
READY FOR A REPEAT OPERATION WITHIN ONE T-PERIOD.; THIS FACT IS FUNDAMENTAL IN 
K'RWOP'RO CRAMMING. 

■|HE BASIC TIMING STRUCTURE OF THE QM-1 IS DERIVED NOT ONLY FROM HARDWARE 
CONSIDERATIONS, BUT ALSO FROM THE DESIGN OBJECTIVE OF BEING ABLE TO NRNOPROGRflM 
CERTAIN OPERATIONS AND SEQUENCES OF OPERATIONS EFFICIENTLY. THE THREE MOST 
)Mr-ORTAHT SUCH SEQUENCES RRE LISTED BELOW <IN THE SYMBOLIC PROGRAM EXAMPLES. 

"IHE T-ST!:PS ARE NOT STRETCHED). 

■S. CLOSED LOOP THROUGH LOCAL STORE. FOR EXAMPLE, LET THE EOD AND EID BUSES 
i;:GTH CONNECT THE SAME LOCAL STORE REGISTER AND EXTERNAL STORE REGISTER 
<FEOD-^FEID.. FEOA-=FEIR>, AND THEN EXECUTE THE FOLLOWING T-STEPS: 



Qh-1 HflRDWRRE LEVEL USER'S MRNURL 



NRNODRTR CORPORATION 



PAGE CI01=.5 



TN: LORD ES.. GRTE ES. 
TN + i: LORD ES, GRTE ES. 

THE RESULT IS fl DOUBLE EXCHANGE <FINflL STRTUS = INITIRL STATUS? OF THE CONTENTS 
OF THE TWO REGISTERS. 

;.> CLOSED LOOP THROUGH F-STOREj E. 6. : 

TN: RUXCX) >F<V), F<V) >AUX<X>. 

TN+1: AUX<X> >F<V), F<V) >RUX<X). 

THE RESULT IS A DOUBLE EXCHANGE (FINAL STRTUS = INITIRL STATUS) OF THE 
CONTHNTS OF AUX<X) RND F<V>. 

3. BUS SETTING IMMEDIRTELV PRIOR TO BUS USEj E. Q. : 

TN: AUX(X) >FSOD. 

TN+1 : GATE SH. 

M^E SHIFTER OUTPUT IS GATED INTO THAT LOCAL STORE REG.ISTER "POINTED TO" BV 
tHE NUMBER CONTAINED IN AUX<"X> AT THE BEGINNING OF T-STEP J<H>. 

I HE ABOVE THREE TVPES OF SEQUENCES ARE MUTUALLV CONSISTENT. FOR EXAMPLE. THE 
•iHIRD ILLUSTRATION COULD BE EXPRNE-'ED TO INCLUDE THE T-STEP: 



TN-i: 



F<V) >AUX<X). 



WHICH WOULD SET RUX<X.^ IN TIME FOR THE DESCRIBED SEQUENCE TO OCCUR WITH THE 
LOCAL STORE REGISTER NUMBER SPECIFIED BV F<:V>. 



TO ACHIEVE THESE OBJECTIVES.. THE MACHINE CLOCK SIGNRL THRT CONTROLS SIX-BIT 
CiPERRTIONS <THE F CLOCK) IS PHASED DIFFERENTLV FROM THE SIGNAL THAT CONTROLS 
nS-BIT OPERATIONS <THE R CLOCK). BOTH ARE DERIVED FROM THE SAME SINGLE 
MACHINE CLOCK THAT CONTROLS THE T- VECTOR <THE T CLOCK). THIS PHASING IS 
NORMALLV TRANSPARENT TO THE NRNOPROGRAMMER. AND MUST BE CONSIDERED MAINLV WHEN 
DEALING WITH THE INTERFACE BETWEEN THE SIX-BIT ARCHITECTURE AND THE 18-BIT 
ARCHITECTURE WHICH EXISTS IN RKi; THE NECESSARV PROGRAMMING RULES ARE SPECIFIED 
IN DETAIL IN SECTION 5.3.5. 
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'1.5 NRNOPROGRRM CONTROL 

4. 5. 1 C.O?nROL fIfiTRIX 

•{HE CURRENT T-STEP IS SPECIFIED BV THE CONTENTS OF THE fiCTIVE T-VECTOR. 
•IHJS T--VECTOR RENfilNS fiCTIVE FOR ONE T-PERIOD <0R TWO.. IF IT INCLUDES THE 
STRETCH NflNOPRiniTIVE?. THE ACTIVE T-VECTOR IS ONE OF FOUR T-VECTORS 
RESIDENT IN fi STRUCTURE KNOWN fiS THE CONTROL MRTRIX. THIS STRUCTURE IS 
*'.HOHN IN FIGURE 4. 5. IR. 
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flT RNV GIVEN TIME.. THE CONTROL MRTRIX CONTRINS 2SQ BITS.. CORRESPONDING TO THE 
■^e& BITS IN R NRNOHORD. THIS INCLUDES THE FOUR T-VECTORS.. ONE OF WHICH IS 
r-iCTIVE <?2 BITS IN ERCH T-VECTOR> -- RND R 72--BIT ENTITV, THE "K-VECTOR". 
<THE RUK REGISTERS KR.. KB.. KRLC KSHC, KSHfl. KS.. KT.. 
OF THE K-VECTOR. > SINCE THE CONTROL MATRIX BITS 
K'ORD <"HHHDWaRD"> IN NRNOSTORE.. THEV MRV BE 



RND KX RRE RLL PORTIONS 
CORRESPOND TO SOME KSO-BIT 
REFERRED TO RS THE "RCTIVE 
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KRHOWORD". BECAUSE OF THIS CORRESPONDENCE. EVERV WORD IN NRHOSTORE IS 

LOGJCRLLV PRRTITIONED RS FOLLOWS; 

[K-VECT0R3 CT-VECT0R<1> D C T-VECT0R<2> ] C T-VECT0R<3:> 3 C T-VECT0R<4 > 3 

<0R.. BRIEFLV: K, Ti, T2. T3. T4 — HIGH-ORDER TO LOW-ORDER? 

KECHBHISMS RRE PROVIDED FOR SELECTING R NRNOWORD. FETCHING THRT WORD FROM 
NRNOSTORE. RMD LORDING IT INTO THE CONTROL MBTRIX. WHEN THE NRNONORD IS 
LORDED INTO THE CONTROL I1RTRIX.. ITS FIRST T-VECTOR <Ti> IMMEDIRTELV BECOMES 
THE RCTIVE T-VECTOR CRND ITS K-VECTOR BECOMES RCTIVE>. 

IHE NORHRL OFERRTION OF THE CONTROL MRTRIX RCTIVRTES THE FOUR T-VECTORS IN 
5;.UCCESSI0N RND CIRCULRRLV.- HUH NO LOSS OF TIME BETWEEN RCTIVRTIONS: Tl.. T2.. 
i;?.. T4.. Tl.. ETC. UNLESS R SPECIRL HIGH-PRIORITV FRCILITV <PROQRRM CHECK) 
INTERRUPTS.. THIS SEQUENCE CONTINUES UNTIL CERTRIN PROGRRM-CONTROL 
NRNOPRIHITIVES RRE EXECUTED. THESE NRNOPRIMI Tl VES CRN BE PROGRRMMED 
■fO EXECUTE CONDITIONRLLV. SO THRT THE NRNOPROGRRMMER MRV CRERTE fl USEFUL LOOP 
jH R single NRNOWORD. <F0R EXRMPLE, THE F ZERO TEST MRV BE USED; SEE SECTION 
'■■<. 7. y IF THE PROGRRMMER DOES NOT NEED SUCH LOOPING. THEN THE SEQUENCE 
HRV OF COURSE BE BROKEN AFTER THE FIRST RCTIVRTION OF T4 <0R ERRLIER. IF 
DESIRED). 

FOR PROTECTION RGRINST INFINITE LOOPING, n CONTROL MRTRIX TIME-OUT FRCILITV 
BRCRKS THE LOOP RND GENERRTES fi PROGRRM CHECK IF THE SRME .NRNOWORD CIRCULRTES 
IH THE CONTROL MRTRIX FOR flPPROXlMRTELV ONE SECOND (MORE THAN 12 MILLION 
•i -PERIODS). 

THE TWO PROGRRM CONTROL NRNOPRIMITIVES OF IMMEDIRTE INTEREST ARE "SKIP" AND 
"GRTE NS". EITHER CRN BE EXECUTED CONDITIONRLLV.. RCCORDING TO THE T-VECTOR 
■(EST FRCILITIES SPECIFIED IN SECTION 5.7. THE BIT STRUCTURE IN THE T-VECTOR 
IS SUCH THRT SKIP RND GATE NS RRE MUTURLLV EXCLUSIVE IN THE SRME T-STEP. 
HONEVER.. RNOTHER NRNOPR IMITI VE "GRTE NS UNCONDI TIONRLLV" IS PROVIDED TO RVOID 
7HIS RESTRICTION RND TO PERMIT CONDITIONRLLV SKIPPING Tl OF THE NEXT NRNOWORD. 

5.^KIP.. WHEN EXECUTED. MODIFIES CONTROL MRTRIX OPERATION SO THRT THE NEXT T-STEP 
IN SUCCESSION IS SKIPPED OVERj RCTIVRTION OF THE SUCCEEDING T-VECTOR IS 
INHIBITED. THE SKIPPED T-STEP CONSUMES ONE T -PERIOD OF TIME (WHETHER 
STRETCHED OR NOT).. WHICH SHOULD BE OBSERVED WHEN LERDING-EDGE PROCESSES RRE 
PROGRRHHED; THE EFFECT IS THE SAME AS IF THE SUCCEEDING T-VECTOR WERE 
flCTIVRTED. BUT WITH RLL ITS SPECIFIED NRNOPRIMITIVES (INCLUDING STRETCH) 
"TURNED. OFF".. NOTE THRT R SKIP EXECUTED IN 12 RESULTS IN Tl BEING THE NEXT 
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T-VECTOR RCTlVnTED; fl SKIP IN 14 GOES TO T2. 

GRTE NS IS R TRRIL INQ-EDGE NRNOPRI MITI VE WHICH. WHEN EXECUTED, CRUSES THE 

CONTROL MRTRIX TO BE LORDED WITH THE NRNOWORD RESULTING FROM THE MOST 
RECENTLV COMPLETED NRNOSTORE fiCCESS. THE SUCCESSOR TO THE T-STEP IN WHICH 
6HTE HS IS EXECUTED IS GENERRTED BV THE FIRST T-VECTOR <T1) OF THE NEWLV GATED 
NRNOWORD.; NO TIME IS LOST IN THE TRRNSITION. THE K-VECTOR IS ALSO LORDED 
i-ROM THE K~ VECTOR OF THE NRNOWORD RS R RESULT OF THE GRTE NS. 

>'OTE; RNV SIX-BIT TRRNSFERS INTO K-VECTOR RUX FIELDS COMMANDED IN R T-STEP 
iH WHICH GRTE NS IS RLSO EXECUTED RESULT IN UNDEFINED VALUES.. UNLESS THE 
"HOLD" CONTROL IS ON <SEE SECTION 4. 5. 2. 3>. 

•|0 SUPPLV fl NRNOWORD FOR GRTING INTO THE CONTROL MRTRIX.. THE LERDING-EDGE 
NRNOPRI MIT I VE RERD NS IS EXECUTED. NRNOSTORE COMPLETES THE RERD OPERRTION 
WITHIN TWO T-PERIODS <BUT NOT WITHIN ONE T-PERIOD).i HENCE EITHER OF THE 
i^OLLOWING PROGRAM EXAMPLES ILLUSTRRTE R SUCCESSFUL SHORTEST-TIME SEQUENCE OF 
•jHE OPERTIOHS RERD NS.. GRTE NS ; 

R? TN: RERD NS. CNOT STRETCHED) 

<NOT STRETCHED? 



TN: 


RERD NS. 


TN+1: 


GRTE NS, 


TN: 


STRETCH, 



B> TN: STRETCH* RERD NS, GRTE NS. 

•{HE RERD NS NRNOPRI MIT I VE HRS R SECONDRRY EFFECT, INVOLVING THE 
"NRNOBRRNCH" FRCILITV.: THIS IS DISCUSSED IN SECTION 4.5.2.3. 
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4. 5. 2 NflNOSTORE RDDRESSING 



2. 1 PRIORITY SELECT 



k'HEH RERD NS IS EXECUTED, R PRIORI TV-SELECT MECHANISM SUPPLIES THE RCTURL 
HaNOSTORE RDDRESS FROM R LIST OF POTEKTIRL BDDRESSES. ERCH POTENTIRL RDDRESS 
VRLUE IS 18 BITS WIDE. SINCE NRNOSTORE MRV COHTflIN RS HflUV BS d.024 URNOWORDS. 

NRNOSTORE IS flVRILRBLE IN 256-HORD BLOCKS.. RND CRN BE RRRRNGED SO THRT RNV OF 
iHGHT POSSIBLE 128-WORD "PRGES" IS FULL, HRLF-FULL, OR EdPTV. EXECUTION OF 
RERD NS FROM fl NONEXISTRNT LOCRTION GENERATES ft ZERO NRNOWORD; IF SUCH R NORD 
)S LORDED INTO THE CONTROL MATRIX.. NO NRNOPRI HI T I VE OPERATIONS ARE INVOKED. AN1> 
M CONTROL MATRIX TIME-OUT PROGRfltl CHECK EVENTURLLV RESULTS, 

|;RCH source of potential NANOSTORE ADDRESS HAS A FIXED PRIORITY RELRTIVE TO 
THE OTHER SOURCES.; FURTHERMORE.. RN RCTIVE/INACTIVE STATUS IS ASSOCIATED WITH 
ERCH SOURCE AT ANV GIVEN TIME. WHEN INVOKED, THE PRIORI TV-SELECT MECHANISM 
SELECTS THE RDDRESS FROM THE HIGHEST-PRIORITV SOURCE THAT IS CURRENTLY ACTIVE 
RND SUPPLIES IT TO NRNOSTORE, IF THE CORRESPONDING NRNOWORD IS THEN EXECUTED 
CGflTE NS OCCURS BEFORE THE NEXT RERD NS>, THE RDDRESS "SOURCE IS RESET TO 
INACTIVE STRTUS. THE SOURCE WITH LOWEST FIXED PRIORITY IS THE NANOPROGRAM 
COUNTER <NPC>; THIS IS DEFINED AS PERMANENTLY ACTIVE.. AND CAN BE CONSIDERED 
R DEFAULT. 

(HE PROCESS CAN BE MODELED BV A LIST OF flCTiVATION FLAGS,- EACH ASSOCIATED 
WITH A NANOSTORE-ADDRESS SOURCE.. ORDERED BY THE PRIORITY OF THE SOURCES.; 
OPERATION OF THE PRIORITY-SELECT MECHANISM IS EQUIVALENT TO READING DOWN 
THIS LIST, FROM HIGH-PRIORITY TO LOW-PRIORITY, UNTIL THE FIRST ACTIVE FLAG 
IS ENCOUNTERED. THE ADDRESS ASSOCIATED WITH THAT FLAG IS THEN SUPPLIED TO 
NRNOSTORE, AND THE FLAG IS TURNED OFF UNACTIVE> UPON .SUCCESSFUL USE (GATE NS> 
OF THE t^RNOWORD FETCHED FROM THAT LOCATION. 

FIGURE 4. 5. 2. lA ILLUSTRATES THE MODEL AND IDENTIFIES THE VARIOUS ADDRESS 
SOURCES, TO BE DISCUSSED IN THE FOLLOWING SECTIONS. 
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FIGURE 4. 5. 2. Ifl 
PRIORITV SELECTION OF NflNOSTORE RDDRESS 



FLRGS 



SOURCE ^HIGHEST PRIORITV AT TOP) 



[ D 
[ 3 



PROGRRil CHECK 
NftNOBRRNCH. 



C 3 



C 3 



INTERRUPTS. <MRXIMUM 30) 



CX3 



NRNDPROGRRM COUNTER <NPC) 
<PERMRHENTLV ACTIVE) 



UPON EXECUTION OF RERD N£.. THE MECKflNISN READS DOWN FROM THE TOP TO FIRST FLAG 
■iHflT IS HGTIVE [ X 3. ftSSOCIRTED 16 BIT ADDRESS IS SENT TO NflNOSTORE. IF THE 
CORRESPONDING NRNOWORD IS EXECUTED <QATE NS), FLAG IS TURNED OFF. 

NOTE: THE FLAG RSSOCIRTED WITH NRNOBRRNCH IS TREATED IN A SPECIAL MANNER TO BT 
DESCRIBED IN SECTION 4. 5. 2. 3. 
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4. 5. 2. 2 PROGRRM CHECK 

U'HEN fl PROGRfiM CHECK OCCURS, THE FOLLOWING IS flUTOMRTICRLLV DONE: 

:1.. EXECUTION OF THE RCTIVE NRNOWORD IS TERMINRTED. 

2. THE RPPROPRIRTE BIT IS SET IN THE PROGRRM CHECK STRTUS FIELDS 

(HIGH 3 BITS OF E28. HIGH S BITS OF E2i>. 
;?. THE HEflORV MODE BITS IN FIDX RRE FORCED TO "1", RLLONING ACCESS TO RERD- 

ONLV NRNOSTORE <RONS> RND RERD-ONLV CONTROL STORE <ROCS) CTHESE WILL BE 

DISCUSSED IN SECTION 4. S>. 
.1. THE CONTENTS OF RONSC0 3 RRE LORDED INTO THE CONTROL MATRIX TO BEGIN 

EXECUTION OF THE SERVICE PROGRRM. 

SINCE THE ENTRV POINT OF RONSE 3 IS SHARED BV THE PROGRRM CHECK SERVICE 
PROGRRM AND THE MACHINE START PROGRRM <SEE SECTION 4. 8>, THE COMMON PROGRAM 
MUST TEST FOR PROGRAM CHECK STATUS FIELDS OF ZEROS (CLEARED BV THE MACHINE 
?;.TflRT PUSHBUTTON) TO DETERMINE THE NRTURE OF ITS INVOCRTION. R "SPECIAL 
CONDITION".. SET TO "TRUE" IF ANV OF THE PROGRRM CHECK STRTUS BITS RRE ON.. CAN 
BE TESTED FOR THIS PURPOSE (SEE SECTION 5. 7. i AND 5. 7. 2>. 

PROGRRM CHECK STRTUS BITS RRE AS FOLLOWS: 



E26.. 
E28, 
E20.. 
E2i.. 

E21. 
E£i.. 



BIT 
BIT 
BIT 
BIT 
BIT 
BIT 



17 
16 
15 
17 
16 
15 



MS PARITY ERROR 
MS ADDRESS VIOLATION 
(RESERVED FOR FUTURE 
ILLEGAL MICRO-OPCODE 
(RESERVED FOR FUTURE 



EXPANSION) 

ENTRV 

EXPANSION) 



TIME-OUT (CONTROL MATRIX OR MICROINSTRUCTION) 
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4. 5. 2. 3 NRNOBRfiNCH 

■|HE NRNOBRRNCH FflCILITV IS ONE MERNS OF CONTINUING R NRNOPROGRRM BEVOND ONE 
KRNDHDRD. DUE TO THE KIQH PRIORITV GIVEN TO THE MRHOBRRHCH OPERRTION. R 
i^'RRNCH-CONNECTED NRNOPROGRRM IS NEVER INTERRUPTIBLE EXCEPT BV PROGRRM CHECK. 

THE SOURCE OF THE NRNOBRRNCH RDORESS IS R 10-BIT FIELD. KN. WITHIN THE RCTIVE 
K-VECTOR. 

CONTROL OF THE NRNOBRRNCH RCTIVITV STRTUS FOR PRIORITV SELECTION IS 
RCCOIiPLISHED THROUGH THE BRRNCH BIT IN THE RCTIVE K-VECTOR. IN CONJUNCTION 

KITH THE RERD NS NRNOPR IMI T I VE : 

ERCH TIME R RERD NS IS EXECUTED. THE BRRNCH BIT IS TESTED. IF ACTIVE. 
THE NRNOBRRNCH RDDRESS IS TAKEN. IF INACTIVE. THE NRNQSTORE RDDRESS IS 
TRKEN FROM ONE OF THE LOWER PRIORITV SOURCES RS DESCRIBED IN SECTION 
4.5.2.1. THUS.. THE BRRNCH BIT SERVES RS THE RCTIVRTION FLRG FOR THE 
SELECTION OF THE NRNOBRRNCH ADDRESS. 

THE INITIAL CONDITION OF THE BRRNCH BIT IS DETERMINED BV ITS SETTING IN THE 
K'RNDi.JDRD GATED INTO THE CONTROL MRTRIX, IF SET. BRANCH IS RCTIVE R5 SOON AS 
THE HHHOHDRD U.E. , THE ONE CONTRINING THE BRANCH BIT) IS LORDED INTO THE 
CONTROL MATRIK. THE STATE OF ANOTHER BIT.. THE "RLTERNRTE" BIT IN THE RCTIVE 
K VECTOR DETERMINES THE FUTURE CONDITION OF THE BRANCH FLRG. WHEN ALTERNATE 
IS NOT SET,. THE BRRNCH BIT RETAINS ITS INITIRL STRTUS. HOWEVER. WHEN THE 
RLTERNRTE BIT IS SET.. EVERY EXECUTION OF RERD NS IN THE RCTIVE NRNOWORD 
ACQUIRES THE SECONDRRV FUNCTION OF INVERTING <COMPLEMENT ING.^ THE BRRNCH 
RCTIVITV FLAG RFTER INITIATING THE NRNOSTORE RERD OPERATION. 

THUS. THE NRNOPROQRRMMER CRN SPECIFV FOUR POSSIBLE SETTINGS OF THESE TWO BITS 
TO CONTROL THE SELECTION OF THE NRNOBRRNCH RDDRESS: 

ALTERNATE BRANCH ' ACTION 

e 6 NRNOBRRNCH RDDRESS NEVER USED BV RERD NS 

1 NRNOBRRNCH RDDRESS RLWAVS USED BV RERD NS 

1 2ND. 4TH.. 6TH.. ETC. RERD NS USES NRNOBRRNCH RDDRESS 
1 1 1ST. 2RD. 5TH. ETC. RERD NS USES NRNOBRRNCH RDDRESS 

NOTE THAT THIS CONTROL IS RLWRVS DETERMINED ON THE RERD HS EXECUTION RND NOT ON 
•(HE GATE H5 RS FOR OTHER ACTIVATION FLAGS. THUS THE SKIP RND/OR GRTE NS 
(•ACn. ITIES MRV BE USED TO EFFECT R VRRIETV OF CONDITIONAL NANOBRANCHING. 
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A. 5. 2. 4 EXTERNRL INTERRUPTS 



IKTERRUPTS RRE SIGNRLS WHICH CRN 
HXTERNRL TO THE QM-l. R HRXIMUM 
«H--i HBRDNRRE. 



NOTIFY THE 
OF 38 SUCH 



PROGRRM OF THE OCCURRENCE OF EVENTj; 
SIGNRLS RRE DIRECTLV DETECTRBLE BV 



THE :<0 INTERRUPTS RRE ORDERED BV PRIORITY LEVEL FOR NRNOSTORE ADDRESS SELECTION 

RND RRE LRBELED LEVEL 2 THROUGH LEVEL 31; LEVEL 2 IS HIGHEST-PRIORITY 

<IM[1EDIRTELV BELOW NBNOBRflNCH). RND LEVEL 31 IS LOWEST PRIORITY < IMHEDIRTELV 
RBDVE THE NRNOPROGRRM COUNTER). 



RSSIGNMENT OF LEVELS TO SIGNRL LINES IS 

PERFORMED BV NRNDDRTfl RT INSTRLLRTION 
TIHE RCCORDINQ TO USER SPEC I FI CRT I OHS. 
R TVPICRL RSSIGNMENT IS SHOMN IN THE 
RDJOINING FIGURE. 

FOR RN INTERRUPT TO BECOME RCTIVE FOR 
PRIORITY SELECTION. IT MUST BE "LATCHED"/ 
"ENRBLED".. "PENDING" RND "RLLO£<iED". 

RN INTERRUPT LEVEL IS LRTCHED WHEN fl 50 
NS. PULSE IS SENSED ON ITS SIGNAL LINE. 

INTERRUPT LEVELS RRE INDIVIDUALLY ENABLED 
PV THE "i" STRTE OF THE CORRESPONDING 
INTERRUPT ENABLE BIT. THESE 39 BITS 
RRE STORED IN EXTERNAL STORE REGISTERS 
18 RND 19 (SEE SECTION 4. 2. 5>. 



INTERRUPT LEVEL ASSIGNMENTS 



CHANNEL 


LEVEL 


ASSIGNED 




NUMBER 


DATA 


IN 


DATA 


OUT 


STATU?. 


e 


2 




3 




22 


1 


4 




5 




23 


2 


6 




7 




24 


3 


8 




9 




25 


4 


. le 




12 




2e 


5 


13 




11 




27 


G 


14 




15 




28-! 


7 


le 




17 




29 



LEVELS 18-21.. 38 AND 31 MAY BE 

ASSIGNED TO OTHER EXTERNRL 

SIGNRLS. 

LEVELS 2-11 - NANO INTERRUPTS. 

LEVELS 12-31 - MICRO INTERRUPTS. 



ILVERV ENABLED LEVEL IS TESTED FOR THE PRESENCE OF A LATCHED INTERRUPT SIGNRL 
BV EACH EXECUTION OF GATE NS. IF THIS TEST SUCCEEDS.. THE LEVEL IS SET TO 
PENDING STATUS. fl PENDING FLRG FOR THE PARTICULRR INTERRUPT LEVEL IS SET IN 
THE CORRESPONDING INTERRUPT PENDING BIT OF EXTERNAL STORE REGISTERS 26 RND 21 
(SEE SECTION 4,2.5). ONCE A LEVEL IS PENDING, IT REMAINS IN THAT STATE UNTIL 
THE PRIORITY-SELECT MECHANISM EVENTUALLY SELECTS THE NRNOSTORE ADDRESS 
CORRESPONDING TO THAT INTERRUPT LEVEL. RND THE RSSOCIRTED NRNOWORD IS LORDED 
INTO THE CONTROL MATRIX TO BEGIN THE SERVICE PROGRAM.; AT THAT TIME THE LEVEL 
)S RLSO UNLATCHED. 



R PENDING INTERRUPT LEVEL AUTOMATICALLY BECOMES ACTIVE FOR PRIORITY 
^.-.ELECTION IF AND ONLY IF ITS ASSOCIATED ALLOW INTERRUPT BIT IN THE ACTIVE 
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K--VECTOR IS "i" WHEN THE PRIORITV-SELECT MECHRNISM IS INVOKED BV RERD NS. 
THERE RRE TWO SUCH BITS C'RLLOW NRNO INTERRUPT" RND "RLLOW MICRO INTERRUPT"). 
THE HIGH 18 INTERRUPT LEVELS <2-i2> BRE DESIGMRTED flS NRNO INTERRUPT LEVELS. 
THE REMRINING 28 LEVELS <i2-31> RRE DESIGNATED RS MICRO INTERRUPT LEVELS. 

)F B NRNOBRRNCH IS NOT TAKEN RT THE END OF EXECUTING fl NRNOWORD, AND IF NO 
INTERRUPTS ARE ACTIVE, THE PRIORITV-SELECT MECHANISM GIVES CONTROL TO THE 
HfiiKiPROGRRM COUNTER <SEE FIGURE 4. 5. 2. ifl>J HENCE THE RLLOW INTERRUPT BITS ARE A 
FRCILITV THE PROGRAMMER CRN USE TO INSURE THAT A CHAIN OF NANOWORD EXECUTIONS 
INVOKED THROUGH THE NPC IS NOT INTERRUPTED. THIS SUBJECT IS FURTHER DISCUSSED 
IN SECTION 4. 5. 4. 2. 

ALL I/O INTERRUPTS MAV BE BLOCKED FROM PRIORITY SELECTION BV DISABLING I/O 
INTERRUPTS WITH THE AUXILLIARV ACTION "DISABLE" COMMAND AS DESCRIBED IN SECTION 
1^. 8. 2. THE ALLOW INTERRUPT BITS RRE THEN IGNORED AND NO I/O INTERRUPTS WILL Blf 
ACCEPTED. FOLLOWING THE AUXILLRRV ACTION "ENABLE" COMMAND, ALL BLOCKED I/O 
INTERRUPTS AGAIN BECOME ELIGIBLE* FOR PRIORI TV SELECTION, ASSUMING ALL OTHER 
PREREQUISITES EXIST.. RS DESCRIBED ABOVE, 

THE NANOSTORE ADDRESSES ASSOCIATED WITH THE MAPPING OF INTERRUPT ADDRESSES 

INTERRUPT LEVELS ARE GENERATED FROM SIX-BIT 

riELDS IN TEN EXTERNAL STORE REGISTERS 22 - SIX-BIT FIELD: "RBCDEF" 

si <SEE SECTION 4. 2. 5>. THE MAPPING OF THE TEN-BIT ADDRESS: "ORBOOOCDEF" 

SIX-BIT FIELD INTO THE lO-BIT ADDRESS IS RS 

SHOWN ON THE RIGHT. THIS MAPPING PERMITS UP TO 16 INTERRUPT ENTRIES IN EACH 

PAGE OF NRNOSTORE. TO CONSERVE ENTRV POINTS IN NANOSTORE/ SEVERAL INTERRUPT 

LEVELS WAV BE ASSIGNED THE SRME ADDRESS IN NANOSTORE BV PLRCING THE COMMON 

ADDRESS IN THE APPROPRIATE POSITIONS IN EXTERNRL STORE REGISTERS 22 - 31, 

FINRLLV, A FRCILITV EXISTS FOR THE PROGRAMMER TO "GENERATE" INTERRUPTS 
(SIMULATE EXTERNRL INTERRUPTS) AND ALSO TO "CLEAR" INTERRUPT LATCHES. ONE 
INTERRUPT LEVEL CRN BE SO AFFECTED IN fl NANOWORD, WHEN THE "GENERATE INT" BIT 
IS SET IN THE ACTIVE K-VECTOR.. THE SELECTED LEVEL IS LATCHED OR UNLATCHED 
RT THE BEGINNING OF T-PERIOD 1: IF THE "GENERATE" OPTION IS USED, THE LEVEL 
BECOMES LATCHED, PENDING, AND ACTIVE IN TIME TO BE SELECTED FOR EXECUTION BV 
A READ NS EXECUTED IN T-PERIOD 3 OR LATER.: IF THE "CLEAR" OPTION IS USED, 
THE LEVEL IS UNLATCHED IMNEDIATELV UPON flCTIVRTION OF THE CURRENT NRNOWORD. 
THE MECHANISM FOR SELECTING THE LEVEL AND THE "GENERATE" VS. "CLEAR" OPTION 
IS PRESENTED IN SECTION 5. &. 1. 

OTHER EXTERNRL INTERFACE FACILITIES ARE DISCUSSED IN SECTION 4. G. 
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A. 5. 3 NflNOPROGRRM COUNTER 
A. 5. 3. 1 GENERRL 

KHEN *RN NflNOBRRNCH IS NOT TRREN RND NO INTERRUPTS RRE fiCTIVE, THE PRIORITV- 
SELECT HECHRNIStI SUPPLIES RN RDDRESS TO NRNOSTORE FROM THE NRNOPROGRRM COUNTER, 
"(HE LOWEST ELEMENT ON THE PRIORITY LIST. 

•|HE NPC IS R 10-BIT REGISTER WHICH CHRNGES VALUE ONLV flS fl RESULT OF" 
NRHOPRIMITIVE COMMRNDS. THE FOLLOWING CNUTURLLV EXCLUSIVE) NPC CONTROL 
OPERRTJ.OHS RRE RVfilLRBLE IN THE T-VECTOR <:RLL TRRIL ING-EDGE? : 

LORD NPC <CS> 
LORD NPC <.KH> 
LORD NPC < SEQUENCE) 

(HE FIRST OPERRTION — LORD NPC <CS) — INVOLVES MICROINSTRUCTION EXECUTION, 
SINCE THE RDDRESS IS R CONTROL STORE OPCODE. THIS IS DISCUSSED IN THE 

MEXT SECTION. 

THE LORD NPC <KN> OPERRTION LORDS THE NRNOPROGRRM COUNTER FROM THE ICN FIELD 
IN THt RCTIVE K- VECTOR. THUS RN EXECUTING NRNOWORD CRN TRRNSFER NRNOPROGRRM 
IIXECUTION TO NS<KN> EITHER DIRECTLV <NRNOBRRNCH> OR THROUGH NPC <NPC BRflNCH>^ 
THE INTERRELATIONSHIP OF THESE TWO FACILITIES IS DISCUSSED IN SECTION 4.5.4. 

THE LORD NPC (SEQUENCE) OPERATION ADDS ONE <MODULO 1824) TO THE CONTENTS OF 
THE NPC. THUS R NRNOPROGRRM EXECUTING RT RN NPC-SPECI FI ED NRNOSTORE RDDRESS 
CRN CONVENIENTLV CONTINUE EXECUTION THROUGH SEQUENTIAL NRNOSTORE LOCATIONS 
<NfiNaSEQUENClNG). 
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(iHE: of THE MOST IMPORTRHT MODES OF PROGRAM CONTROL IS THE INVOCRTION OF R 
KRNOPROGRRM BV R MICROINSTRUCTION; THE OPERRTION CODE OF R MRCHINE MICRO- 
IKSTRUCTIOH. EXTRRCTED FROM CONTROL STORE. IS USED TO SELECT THE. NRMOSTORE 

liNTRV FIDDRESS OF THE NBHDPROGRRH <0F ONE OR MORE NRNOWORDS> WHOSE EXECUTION 
DEFINES THRT MICROINSTRUCTION. 

KHEH THE HRNOPRIMI T I VE COMMRND LORD NPC <CS) IS EXECUTED, THE FOLLOWING OCCURS 

<TRflILING--EDGE> : 

R> THE HIGH-ORDER THREE BITS OF NPC RRE LORDED WITH THE NRNOSTORE 

PRGE INDEX FROM THE LOW-ORDER THREE BITS OF FIDX,. R SPECIRL 

F-REGISTER <SEE SECTION 4. 3. 2. 3>.! 
B> THE LOW-ORDER SEVEN BITS OF NPC RRE LORDED FROM THE HIGH-ORDER 

SEVEN BITS OF THE COD. BUS; 
C> THE LOW-ORDER ELEVEN BITS OF THE COD BUS ARE SRVED IN R 

DEDICRTED REGISTER. 

IHE NRNOPRIMITIVE "LORD R31" IS RVRILRBLE TO CRUSE THE FOLLOWING fiCTION: 

R) THE HIGH-ORDER SEVEN BITS OF R31 RRE CLERRED TO ZEROS.: RND 

B> THE LOW-ORDER ELEVEN BITS OF R31 ARE LORDED WITH THE SRVED ELEVEN 

LOW-ORDER BITS OF COD <THIS IS THE PRRRMETER PRRT OF THE MACHINE 

MICROINSTRUCTION). 

THIS EVENT IS CONCURRENT WITH SIX-BIT TRANSFERS EXECUTED IN THE LAST T-STEP 

CiF THE PREVIOUS RCTIVE NRN01-40RD; THUS THE NEW CONTENTS OF THE C fl. RND B 
FIELDS IN R21 RRE RVRILRBLE FOR GRTING TO F-STORE IN THE FIRST T-STEP OF THE 
MICROINSTRUCTION, IF DESIRED <SEE SECTION 5. 3, 5,\ 

THE HIGH-ORDER SEVEN BITS OF R MACHINE MICROINSTRUCTION ARE THUS DEFINED AS 
THE MICRO-DPCODE. RND PROVIDE THE MICROPROGRRMMER WITH R MAXIMUM OF 120 
I'.ICROIHSTRUCTIONS SUPPORTED BV R PRGE OF NRNOSTORE.^ I.E... 128 NPC- ADDRESSES 
f;Rr POSSIBLE UNDER R GIVEN VALUE OF THE NRNOSTORE PRGE INDEX IN FIDX 
DIFFERENT NRNOSTORE PRGES MRV BE USED TO DEFINE DIFFERENT Ml CRO-MRCHI NES.. 
EXTEND THE MICROINSTRUCTION SET OF fl GIVEN MI CRO-MRCHI NE, IMPLEMENT DIFFERENT 
MACHINE STATES, RND/OR CONTRIN CONT INURT I ONS OF NRNOPROGRRMS FROM RNOTHER PRGE. 
iOR CONVENIENCE IN MICROINSTRUCTION SEQUENCING, ONE OF THE LOCRL STORE MFC'S 
!>;ILL NORMRLLV BE USED IN RDDRESSING CONTROL STORE TO GENERRTE THE MACHINE 
11 1 CRO INSTRUCT I ON ON THE COD BUS CSEE SECTION 4. 2. 4>. 
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4.5.4.2 IHTERRUPTIBILITV 

ONE SUGGESTED MODE OF IHTERRUPTIBILITV IS TO ALLOW LOW-PRIORITV INTERRUPT 
LEVELS TO TRKE CO?>iTROL ONLV BETWEEN MICROINSTRUCT IOr^S.t THIS PLRN IS ENFORCED 
H!V SETTING THE RLLOW MICRO INTERRUPT BIT <IN THE K-VECTOR) ONLV IN THE EXITING 
KRMOHORD OF Fl NaNOPROGRRM <!.£..• THRT WORD WHICH IS ORDINRRILV SUCCEEDED BV 
H HRNOPROGRfin INVOKED BV THE NEKT ilfiCHINE MICROINSTRUCTION). IN THIS !10DE.. 
IHE INTERRUPT-SERVICE NRHOPROGRRHS RRt FREE TO nRKE USE OF THE NPC TO 
ESTRBLISH fi fIfllNLINE.. RHD THUS CRLL SUBROUTINES.. TRRNSFER TO MICROINSTRUCTION 
CONTROL. ETC. i THE LOWER-PR lORI TV INTERRUPTS RRE MORE LIKELV TO REQUIRE SUCH 
SERVICE (E.G.. END OF 10 OPERRTIONX 

R SUGGESTED PRRRLLEL MODE OF I NTERRUPT IBILI TV IS TO RLLOW MRINLINE NRNOPROGRRHS 
TO BE INTERRUPTED BETWEEN <SOHE) NRNOWORDS.- USING THE RLLOW NRNO INTERRUPT BIT. 
(NOTE: BRRNCH-CONNECTED NRNOPROGRRMS. INCLUDING SUB-NRNOPROGRRMS RS DEFINED 
IN SECTION 4.5.4.1.. CRNNOT BE INTERRUPTED BECRUSE OF THE HIGH FETCH-PRIORI TV 
OF NRNOBRBNCH. .> WHEN RLLOW I NG THE MAINLINE NRNOPROGRRM TO BE INTERRUPTED.. THE 
INTERRUPT-SERVICE NRNOWORDS MUST PROCEED BV HRNOBRRNCH ONLV.. SINCE RNV OTHER 
TECHNIQUE WOULD DESTRDV THE VRLUE OF THE NPC RND HENCE ERERK THE LINK FOR 
RETURNING TO THE INTERRUPTED (MRINLINE.') NRNOPROGRRM. THE HIGHER-PR lOR I TV 
INTERRUPTS ARE MORE LIKELV TO BE SERVICEABLE BV THIS KIND OF PROGRRM (E.G... 
SINGLE-WORD TRRNSFER IN R DRTR STREAM), 

RNV PROGRRMMINQ STRUCTURE MUST RLLOCRTE VARIOUS MRCHINE RESOURCES TO THE 
VARIOUS LEVELS OF PROGRRM CONTROL. FOR EXRMPLE. PROGRRMMINQ CONVENTIONS COULD 
BE ESTRBLISHED SUCH THRT BUS CONTROLS RRE UNDEFINED BETWEEN MICROINSTRUCTIONS 
(FOR FREE USRBILITV BV INTERRUPT SERVICE ROUTINES.').. BUT ARE EXPECTED TO HOLD 
BETWEEN MRINLINE NANOWORDS.i THRT CERTRIN G' S DO NOT CHRNGE VALUE BETWEEN 
K I CRD INSTRUCT IONS.: ETC. 
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4. 5. 4. 3 HOLD 

fn-:' COHVErnEHCE IN PROGRRHHING ACROSS NRNOWORDS.. THE "HOLD" RNC> "HOLD 2" BITS 
v;,j'\-HE Rr.JTVE K-VFCTOR fiSE PROVIDED. THEV RLLOW THE NflNOPROGRRMilER TO PETRI H 
VRRIOUS CONTROL VRLUES IN THE K VECTOR PORTION OF THE CONTROL HRTRIK DURING THH 
IRfiNSITIDN TO THE N£KT HRNOWORD. 

•••- fi HOLD BIT IS SET <"i"> IN THE RCTIVE NRNOWORD.. THEN THE CORRESPONDING K 
F<FLDS IN THE CONTROL HRTRIK DO NOT CHRNGE THEIR VRLUES RS R RESULT OF GRTING 
Tf-F NEXT NRNQNORD INTO THE CONTROL MRTRIX. THE RCTIOH OF THE HOLD BITS IS 
"■"UPPPL-SSED IF THE NEKT HRWONORD IS INVOKED BV MICROINSTRUCTION ENTRV <GRTE N5 
RND LORD R31 IN THE FINRL T-VECTOR) OR BV PROGRRM CHECK INTERRUPT. 

iHlR OBVIOUS RERSONS. THE HOLD CONTROL RND THE RLLOW INTERRUPT CONTROLS SHOULD 
WOSMRLLV BE USED WITH MUTURL EXCLUSION. 

•JHE FOLLONING IS R LIST OF K-VECTOR FIELDS RFFECTED BV THE HOLD BITS: 
HOLD HOLD 2 

KRLC KR 

KSHC KB 

KSHR 



QK--i HflRDWftRE LEVEL USER/ S MfiNURL NRNDDRTfi CORPORfiTION PRGE G0?:i, 

4. € EKTERHfiL INTERFfiCE 

THE tIRTERIRL IN THIS SECTION FUNCTIDNRLLV SPECIFIES THE IfiiTERFRCE BETWEEN THE 
(s'M"i COMPUTER ITSELF RND ITS ENS'IROHMENT. INFORMRTION 0?^! NRNODRTfl CHRNNEL 
COHTROL UNITS IS PRESENTED IN ft SECTI015 8 OF THIS MRNURL. 

■{HE EXTERNRL INTERFRCE CONSISTS OF EIGHT "EXTERNRL PORTS", EACH IDEK'TIFIED BV 
ITS RSSOCIRTION WITH R PORT REGISTER <EGI THROUGH E?.; SEE SECTION 4. 2. 5>. 

THE FOLLOWING "OUTGOING" EXTERNRL INTERFACE FACILITIES ARE BUSED FOR COMMON 
USE &V THE EIGHT PORTS: 

R> THE "PHRNTON BUS" CCURRENT INPUT TO THE "PHRNTOM" REGISTER. FIPH> 
SUPPLIES SIX BITS OF INFORMATION 

B> THE "G-BUS" SUPPLIES SIX BITS OF INFORMATION TAKEN FROM ONE OF 16 

SOURCES: GO THROUGH Gil.. lOID.. B, KS. KT. THE SELECTION OF THE SOURCE 
IS PERFORMED BV THE "GSPEC" FIELD IN THE CURRENTLV RCTIVE T~VECTOR.. 
RND IS FURTHER DISCUSSED IN SECTION 5. 5. 2 (WHERE THE VALUE ON THE 
G-BUS IS REFERRED TO RS "G(GSPECV'>. 

C> 10 CLOCK - A SVNCRONIZING SIGNAL TO EXTERNAL DEVICES AVAILABLE AT THE 
PORT DURING EACH T-STEP. 

D> XIO STROBE - A SVNCRONIZING SIGNAL TO EXTERNAL DE-VICES. GENERATED ONLV 

WHEN XIO IS PRESENT. 

E> MASTER CLEAR - A SIGNAL SENT WHEN THE SYSTEM IS INITIALLY CLEARED 
THIS SIGNRL CANNOT BE GENERATED BV PROGRAM CONTROL. 

THE FOLLOWING "OUTGOING" EXTERNRL INTERFACE FACILITIES ARE LOCAL TO EACH PORT: 

R) A PATH THROUGH WHICH AN EXTERNAL UNIT CAN READ THE CONTENTS OF 
THE PORT REGISTER <i8 BITS IN PARALLELS 

B) THE "PORT-XIO" PULSE. 

C> THE "PORT-RIO" PULSE. 

•I HE FOLLOWING "INCOMING" EXTERNAL INTERFACE FACILITIES ARE ALSO LOCAL 

■[0 R:FiCH PORT: 
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R) R PATH THROUGH NHICH AN EXTERNAL UNIT CRN SUPPLV DRTR TO THK! PORT 
REGISTER <18 BITS IN PRRftLLEL>. 

B) THE "10 ID" LINES, THROUGH WHICH RN EXTERNAL UNIT CRN 
SUPPLV SIX BITS OF INFORMRTION TO THE PORT. 

C> SOME NUMBER OF INTERRUPT LEVELS.. LOGICRLLV ASSIGNED TO THE PORT 
BV SOFTIJRRE IN RCCORDfiNCE S^ITH THE PHVSICRL SVSTEH CONFIGURATION. 

PROGRAM CONTROL OF THE EXTERNAL INTERFACE INVOLVES THESE INTERNAL FACILITIES: 

A.-) KR <0F THE ACTIVE K-VECTOR>. 

B> THE RIO NANOPRIMJTIVE <"READ 10" >, 

C> THE XIO NANOPRIMITIVE ("TRANSMIT I0">, 

D) SIX-BIT TRANSFER NRNOPRI MI TI VES. USED TO READ 10 ID, 

E> THE INTERRUPT STRUCTURE.. AS PRESENTED IN SECTION 4.5.2.4. 

Kft IS USED MODULO 8 TO SELECT ONE OF THE EIGHT PORTS FOR NANOPRIMIT I VE 
COHTROL. IF NO EXTERNAL UNIT INTERFACES TO THE KA-SELECTED PORT,- INCOMING 
VRLUES ARE ZERO AND OUTGOING OPERATIONS ARE NULL. 

EKECUTIOM OF THE XIO NANOPRIMI TI VE CRUSES fl PORT~XIO SIGNAL TO BE SENT THROUGH 
•iHE KB~SELECTED PORT FOR THE DURATION OF THE XIO. RND XIO STROBE TO BE SENT TO 
RLL PORTS. 

iLXECUTION OF THE RIO NRNOPRIMITI VE HAS THESE EFFECTS: 

R> AT LEADING EDGE, fl PORT-RIO PULSE IS SENT THROUGH THE 
KA-SELECTED PORT. 

B) AT LEADING EDGE, THE KR-SELECTED PORT REGISTER IS SET TO ZEROS. 

C> AT TRAILING EDGE, THE CONTENTS OF THE IS INCOrfING DRTR LINES 

ASSOCIATED WITH THE LATTER REGISTER ARE GATED INTO THAT REGISTER. 

•iHE 6-BIT 10 ID OF THE CURRENTLV INTERRUPTING DEVICE IS AVAILABLE TO THE 
PROGRAM A3 AN RUX OR G<GSPECXi SEE SECTION 5. 5. 2.. AND SECTION 8. 
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'1. 7 WRITING NnNOSTORE 

ERCH 3S8-BIT WORD IN NfiNOSTORE IS PARTITIONED INTO 20 18-BIT BVTES FOR THE 
PURPOSE OF WRITING. WHEN THE WRITE NS NfiNOPRIMITI VE IS TO BE USED, 

THE HRNOSTORE ADDRESS IS TAKEN FROM THE lO BITS OF R31 ON 

THE HIGH-ORDER SIDE OF B.s 

THE BYTE SELECTION IS THE B FIELD, USED MODULO 32j 

THE iS BITS OF DATA TO BE WRITTEN ARE TAKEN FROM THE EOD BUS. 

IF EITHER A NONEXISTENT WORD-LOCATION IS ADDRESSED, OR B (MODULO 22> IS 
.GREATER THAN 19 <BVTES ARE ADDRESSED 9 THROUGH 19), WRITE NS IS A NULL 

OPERATION. 

IF WRITE NS AND READ NS APPEAR IN THE SAME ACTIVE T-VECTOR, READ NS IS 

IGNORED. 
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4. 8 REfiD-ONLV MEMORIES fiND NflCHINE STRRT 

IN RDDITIOM TO NftNOSTORE RND CONTROL STORE. THE QM-1 CONTftlNS ft REfiD~ONLV 
HBNDSTORE <RONS> OF 32 268-BIT NORDS/ HHi> fi RERD-ONLV CONTROL STORE <ROCS) 
OF 128 18-BIT WORDS. THESE MEMORIES RRE LOGICflLLV DISTINCT FROM NS RND CS.. 
RMD RRE ftCCESSED flS FOLLOWS: 

K'HEN THE MEMORV MODE CONTROL BITS IN FIDX RRE CLEARED <»0">. RONS AND ROCS RRE 

iNftCCESSIBLE. WHEN THEV RRE SET <"!">/ RONS RND ROCS ADDRESS SPRCES RRE 

!::FFECTIVELV substituted FOR NS RND CS ADDRESS SPRCES.. RESPECT I VELV.. FOR RERD 
r-iCCESSES -tRERD CS.. RERD HS). 

IHE CONTENTS OF RONS RND ROCS RRE SPECIFIED BV THE USER RND PERMRNENTLV 
INSERTED BV NRNODRTfi RT INSTRLLRTION TINE. < NRNODRTR-SUPPL lED MACHINE 
DIRGNOSTIC ROUTINES MUST BE INCLUDED. RND NRNODRTR-SUPPL lED SVSTEM SOFTWARE 

KBV BE SPECIFIED. > 

MRCHIHE USE OF THESE MEMORIES IS FOR NANOPROGRRM ENTRV RT R0NSC03 FOR 
PROQRRH CHECK (SECTION 4. 5. S. 2> AND FOR MACHINE START. 

WHEN THE QM-1 MRSTER CLERR / START BUTTON IS DEPRESSED.. 

R> FIDX IS CLERRED; '• 

B> THE PROGRAM CHECK STRTU^ FIELDS CIN E20 RND E21) ARE CLERRED SO THAT 
THE PROGRRM STARTING RT RONSt 8 3 CRN RECOGNIZE ITS INVOCATION BV 
MRCHINE STRRT RRTHER THAN PROGRRM CHECK <£EE SECTION 4. 5. 2. 2}- RND 

C> RONiUOD IS FETCHED RND LORDED INTO THE CONTROL MATRIX TO BEGIN 
EXECUTION. 
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['> eri-l FUNCTIOHPL SPEC IFICRT IONS. PRRT II 
V). i GENERRL 

<;ECTI0HS 4 RHD 5 OF THIS MRNURL RRE R COMPLETE FUNCTIONRL SPECIF ICRTION OF 

THE QH"i CPU IN JUO PRRTS. PRRT I CSECTION 4) HRS EXPLRINED QM-i CONCEPTS. 
RR'CHITECTURE RNi> OPERRTIONS. IT HRS PROVIDED RN OVERVIEW OF RLL OF THE 
TEfiTURES OF THE MRCHINE. PRRT II (SECTION 5> IS INTENDED RS fi PROGRRMMER' S 
REFERENCE GUIDE AND WILL COMPLETE THE DESCRIPTION OF THOSE PARTS OF THE 
i'-RCHINE COVERED ONLY BRIEFLV IN PRRT I. 

IT IS fiSSU?1ED THAT THE READER HRS fl GENERRL UNDERSTRNDING OF THE QM~1 RT THIS 
POINT. THUS PRRT II UllL CONCENTRRTE MORE ON THE DETRILED OPERATION OF THE 
IHDIVIDURL MRCHINE FUNCTIONS RND LESS ON THEIR POSSIBLE COMBINED USE. 

THE NEXT TWO SECTIONS PRESENT. IN SUMMRRV FORM, RLL OF THE CONTROL FUNCTIONS 
INCLUDED IN THE NRCHINE. IN HOST CASES.. THE FUNCTIONS RRE RCTIVRTED BV SINGLE 
BITS OR CONTRIN R STRING OF BITS USED RS R NUMERIC VALUE. IN THE FEW REMAINING 
CRSES.. THE ENCODINGS OF THE BITS RRE GIVEN. REFERENCES RRE PROVIDED FOR ERCM 
rUHCTIOH TO THE SECTION NUMBERS WHERE THE FUNCTION IS. SPECIFIED IN DETRIL. 
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v.. 2 SUMMRRV OF NRNOPR I fll TI VE CONTROLS 

5. 2. ± K~VECTOR CONTROL FIELDS 

iHE CONTROL FUNCTION Or EBCH OF THE FIELDS IN THE K-VECTOR IS SUMMRRIZED IN THf- 
TRBIE BELOW, RLONG WITH REFERENCES TO SECTIONS IN WHICH THE FUNCTION IS 
DESCRIBED. <THE NUMBER OF BITS IN THE FIELD IS SHOWN IN PRRENTHESES. > 



CONTROL FIELD 



<BITS> SUMMRRV OF CONTROL FUNCTION 



REFERENCES 






i(N <iO) 



RDDRESS OF POSSIBLE SUCCESSOR NRNOWORD. 
NRNOBRRNCH ADDRESS RND SOURCE FOR NPC LORD. 



4. 5. 2. :? 



?;UPERV.TSOR <i> 



i. EGRL MICRO ENTRV <1> 



PROGRRM CHECK IF ON WHEN THIS WORD IS RESERVED- 
INVOKED WHILE NOT IN SUPERVISOR MODE. FUTURE US 

PROGRRM CHECK IF NOT ON WHEN THIS WORD 4. 5. 3 
IS INVOKED BY R MICROINSTRUCTION. 



I- 



BRRNCH 



<i> MUST BE ON IF NRNOBRRNCH PLANNED FROM 

THIS WORD. COMPLEMENTED RFTER ERCH RERD 
NS WHEN RLTERNRTE IS ON. 



4. 5. 



RLTERNRTE 



<1) CRUSES BRANCH TO BE COMPLEMENTED RFTER 
ERCH RERD NS. 



4. 5. 2. 



HOLD 



Cl> 



HOLD 



<1.^ 



RLLOW NRNO INTERRUPT (i) 



INHIBITS fiUTOMRTIC LORDING OF KRLC, 
KSHC, KSHR, RND KS FROM NEXT NRNOWORD 
TO BE EXECUTED, UNLESS EXECUTED BV 
MICROINSTRUCTION OR PROGRRM CHECK. 

INHIBITS fiUTOMRTIC LORDING OF KR AND KB 
FROM NEXT NRNOWORD TO BE EXECUTED, UNLESS 
EXECUTED BV MICROINSTRUCTION OR PROGRAM 
CHECK. 

RLLOWS HIGHER-PRIORITV INTERRUPTS RT END 
OF EXECUTION OF THIS WORD, IF NRNOBRRNCH 
IS NOT TRKEN. 



4. 5. 2. 
4. 5. 4. 



4. 5. 2. 
4. 5. 4. 



4. 5. 2. 
4. 5. 4. 
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rilLOW MICRO INTERRUPT <i) RLLOWS LOWER-PRIORITV INTERRUPTS RT END 4.5.2.4 

OF EXECUTION OF THIS WORD, IF NRNOBRRNCH 4.5.4.;.' 
IS NOT TRKEN. 

GL-HERHTE INTERRUPT <1> GEHERRTES OR CLERRS RN INTERRUPT LEVEL 4.5.2.4 

RCCORDINQ TO QCGSPEC3 IN Tl. 5.8.1 

HLU STRTU^ ENRBLE <i> ENRBLES HOVE OF C, S. R, BITS FROM LOCRL TO 5.6.2 

GLOBRL UPON GRTE fiLU.i C TREBTED SPECIRLLV. 

^•,H ^TRTU^ ENABLE <1> ENRBLES MOVE OF SHB. SLB BITS FROM LOCRL 5.6.3 

TO GLOBRL UPON GATE SH. 

DIRECT N^ ACCESS < 1 ^ INHIBITS MS BRSE RDDRESSING RND FIELD 4.2.6.:? 

LENGTH PROTECTION IN THIS NRNONORD. 

i(Pj <6> CONSTRNT RND/OR SCRRTCH FIELD FOR NRNOWORDi 4.3.3 

SOURCE RND DESTINRTION flUX. 

i(P, <6> CONSTRNT RND/OR SCRRTCH FIELD FOR NRNOWORDj 4. 3. 3 

SOURCE RND DESTINRTION RUX. 

KflLC <S> RLU CONTROL; DESTINRTION RUX. 5.6.2 

KSHC <S> SHIFT CONTROL.! DESTINRTION RUX. 5.6.3 

KSHR <6> SHIFT RMOUNTj DESTINATION RUX. 5.6.3 



KS 



<6> GLOBRL CONDITION <RND GENERAL) TEST MRSK; 4.6 

SOURCE RND DESTINRTION RUX. 5.7.1 



KT <6> LOCRL CONDITION TEST MRSK <RLSO CONSTRNT 5.7.1 

RND.''OR SCRATCH >i SOURCE RND DESTINRTION RUX. 

KX <6) SPECIAL CONDITION TEST MRSK <RLSO CONSTRNT 5.7.1 

RND/OR SCRRTCH. ^/ SOURCE RND DESTINRTION P\UX. 

<;pnRE <2> RESERVED FOR FUTURE USE 

72 BITS 
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THE CONTROL FUNCTION OF ERCH OF THE FIELDS IN THE RCTIVE T-VECTOR IS SUMHRRI2EI) 
IH THE TABLE BELOW. ALONG WITH REFERENCES TO SECTIONS IN WHICH THE FUNCTION IS 
DESCRIBED. fl CODE SHOWING THE CHRRRCTERISTIC TIMING OF THE ACTION RSSOCIRTED 
NITH THE FUNCTION IS GIVEN; LE = LERDING EDGE, TE = TRAILING EDGE. <THE NUHBER 
OF BITS IN THE FIELD IS SHOWN PflRENTHETlCRLLV. ) 

CONTROL FIELD BITS SUMMRRV OF CONTROL FUNCTION TIME REFS. 

STRETCH Ci) STRETCHES TIME OF THIS T-STEP 4. 4 

FROM ONE T-PERIOD TO TWO. 

WRITE HS <i) WRITES IS BITS FROM EOD BUS LE 4. 7 

INTO, NRNOSTORE 5. 4. i. ;.' 

XIO <±> SENDS PULSE TO EXTERNAL INTERFACE.! ONE LE 4. 6 

OF EIGHT EXTERNRL PORTS SELECTED BY KR. 

RIO <1> CLEARS PORT REGISTER AND SENDS PULSE LE 4, 6 

THROUGH PORT. THEN GATES EXTERNAL DATR 
WORD INTO PORT REGISTER; SELECTED BV KR. 

11SGD <1> INITIATES MS OPERATION; SPLIT-CVCLE IF LE 

RLONE. FULL-READ IF MSRS SIMULTANEOUS. -- ^ 

HSRS <1> IF ALONE, REQUESTS SECOND HfiLF-CVCLE OF LE 

MS SPLIT-CVCLE OPERATION; IF WITH MSGO.. 
INITIATES PULL-RERD. 

GRTF. MS CI) GATES MOD BUS INTO LOCAL STORE OR PORT TE 

REGISTERS; MODIFIED BV RMI SELECT. 

RMI SELECT <2> SELECTS RMI PARAMETERS FOR GRTE MS.. LE 4.2.6.4 

Giei BVPRS? INCLUDING BVPRSS. IF RMI NOT 

01 PflRAHETER SET R INSTALLED ALL ENCODINGS ARE BVPASS 
11? PARAMETER SET B 
11 PARAMETER SET C 

GATE ES <1) GATES EOD BUS INTO LOCAL STORE. TE 4.2.5 



4, 


2. 


6. 


2 


5. 


4. 


:< 




4. 


2. 


e. 


2 


5. 


4. 


3 




4. 




6, 


1 


5. 


4. 


3: 
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CS 



\4R11E CS 



CS RDDR SELECT 



8G0 


G I a 


m± 


COD 


918 


MFC 


811 


HPC + l 


109 


HPC + 2 


181 


MPC + B 


ilG 


MPC+RB 


ill 


SWITCHES 


GlTlT. CS 




GRTE ALU 


GRTE SH 




CRRRY CTL 


see 


NO OPERRTION 


eei 


CLEAR CIH 


010 


SET CIH 


811 


RLU TO BOTH 


160 


RLU TO COH 


181 


SET COH 


119 


CLEAR COH 


111 


SH TO COH 



IN ['EX 



INC UPC 



<i) LOaDS BN EKTERNRL STORE REGISTER 
FROM EID BUS. 

<i> REfiDS CDNT?^OL STORE.; USES CS RDDR 

SELECT. 

<i) WRITES CONTROL STORE.! USES CS RDDR 
SELECT. 

<3> SELECTS RDDRESS FOR RERD CS.. WRITE 



(..i-. 



CtlPC IS SELECTED BV FMPO 



R RND RB RRE SIGN EXTENDED OPERRNDS. 
SNITCHES RRE MRNURLLV SET IN ?1RCHIHE. 



<i> GRTES COD BUS INTO LOCRL STORE. 

<i> ORTES ROD BUS INTO LOCRL STORE. 

<i> GRTES SOD BUS INTO LOCAL STORE. 

<3> CONTROLS CRRRV OPERRTION WITHIN THE 
RLU AND SHIFTER COHPONENTS. 



<i> GRTES INDEX RLU OUTPUT INTO LOCRL 
STORE. SELECTED BV C<GSPEC?. 

<1) INCREMENTS MPC SELECTED BV FMPC; 

MODIFIED BV GSPEC. 



TE 



LE 



LE 



LE 



TE 



TE 



L 2. 5 



4. 2. 4 

5, 4. 2. 2 

4. 2. 4 

5. 4. 2. :? 

4. 2. 4 

5. 4. 2. 1 



TE 


4. 


2 


4 






5, 


4. 


2 




TE 


4. 


2. 


3 




TE 


4. 


2. 


3 




TE 


4. 


2. 


3. 


4 



4. 


2. 


2. 


3 


5. 


€'. 


4 




4. 


2. 


2 




5. 


4. 


2. 


1 




6. 


5 
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LORD HFC <2) LORDS OR SEQUENCES NRN0PR0GRRI1 TE 4. 5. 3 

SB NO OPERRTION COUNTER. 4. 5. 4 

01 <CS> 

10 <Kf-0 

11 (SEQUENCE > 

RERD NS • <i) READS NS; RDDRESS IS FROM PRIORITV- LE 

SELECT HECHRNISM. INFLUENCES BRRNCH. 

GRTE NS UNCON- <1> CRUSES THE NRNOWORD LAST RERD TO BE TE 

DITIDHRLLV GRTED INTO THE CONTROL MATRIX. 

INDEPENDENT OF RHV TEST fiCTION IN T, 

TEST ACTION <i> CONDITIONRL RCTION BRSED ON TE 

9 SKIP TEST SPECIFIER 



J. 



GATE NS 



GSPFC 




8668 


GO 


1611 


Gil 


iioet 


10 ID 


1181 


B 


1110 


KS 


1111 


KT 



4. 


5 






5. 


4. 


i. 


1 


4. 


5. 


1 




5. 


5, 


1 




4. 


5 






4. 


5. 


1 




5. 


7. 


T.' 





TEST SPECIFIER <3> SPECIFIES THE CONDITIONS UNDER LE 5.7.1 

eeO NEVER WHICH TEST RCTION IS TO BE EXECUTED 

OSi RLWftVS 

016 IF FIST AND KS = O 

Oil IF FIST RND KS HOT = 

100 IF LOCRL CONDS AND KT = 8 

101 IF LOCRL CONDS RND KT NOT « O 

110 IF SPECIAL CONDS RND KK = 6 

111 IF SPECIAL CONDS AND KX NOT = 8 

LORD R31 <i> ENABLES R31 TO BE LORDED WITH MICRO- TE 

INSTRUCTION PARAMETERS. 

RUKILLRRV RCTION <1> INITIATES RCTION SPECIFIED BV THE LE 

CONTENTS OF FACT <F REGISTER i4>, 

<4) SELECTS A G OR PSEUDO-G FOR 6-BIT 
TRANSFERS. RIGHT INPUT TO RLUF. 
USED IN GENERATE INTERRUPT.. EXTERNAL 
INTERFACE G-LINESj ALSO USED WITH 
INC MFC. 



4. 


5. 


2. 


•:> 


5. 


3. 


4 




4. 


3. 


2. 


3 


5. 


e. 


2 




5. 


5. 


2 
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i-SEL6 <;5> SELECTS F REGISTER FOR 6-BlT TRRNSFERS 

i-i>ELi <5> IN GROUP B, 1, AND 2 RESPECT I VELV. 

FSEL2 <5> 

flUK8 <3> SELECTS flUX FOR 6-BIT TRRNSFERS IN 

fiUKl <:<) GROUP 6. i. RND 2 RESPECT I VELV. 

nUK2 <2> (RUK2 APPLIES TO GROUP 2 INPUT. 

RUXS (.2> RUX3 fiPPLIES TO GROUP 2 OUTPUT. > 

lUe <i) COriNRNDS RUX INTO F REGISTER TRANSFER 

3: Hi <i> USING AUX9.. RUKl.. RUX2 TO FSELG.. 

IH2 <1> FSELl.. FSEL2 RESPECTIVELY. 

0UT.1 <i) COMMANDS F REGISTER OUTPUT TO AUX 

(iUT2 <i> TRRNSFER USING FSEL0.. FSELl.- FSEL2 TO 

0UT3 <i) RUXe.- RUXi.. RUX3 RESPECT I VELV. 

5; PR RE <1> 

72 BITS 
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5. 2 FUNDfiMENTRL TIMING CONSIDERRTIONS 

':■,. I. i GEHERRL 

THE "HRRDMRRE LEVEL" QM-l IS fi HIGHLV PRRRLLEL MRCHINE. ONE OF THE TASKS 
FfiCING THE NRNOPROGRfiriilER IS TO PUT TOGETHER THE FUNCTIONS HE DESIRES IN SUCH 
f-! WRV ftS TO UTILIZE THIS PRRRLLELISM TO THE FULLEST EXTENT POSSIBLE. HENCE 
HE I1UST HRVE RN INTIMRTE KNOWLEDGE OF THE INTERNAL TIMING OF THE MRCHINE. 
I HIS SECTION ON TIMING CONSIDERATIONS IS INCLUDED IN ORDER THAT NANOPROGRAMMERS 
CAN RNSNER QUESTIONS REGARDING MEANINGFUL COMBINATIONS OF FUNCTIONS IN THE 
<;HHE or ADJACENT T--STEPS. 

ALL T- VECTOR CONTROL FUNCTIONS HRVE BEEN 

CLASSIFIED AS "LEADING EDGE" (LE) OR 

"TRAILING EDGE" <TE> FUNCTIONS DEPENDING T-CLOCK I I I 

CiN THE TIME OF THE ACTION THEV INITIATE. PULSES I I I 

RELATIVE TO THE PERIOD OF THE T-STEP IN 

KHICH THE CONTROL- IS ACTIVE. THE PERIOD 

CF ANV T-STEP IS DEFINED AS THE TIME 

BETNEEN THE MRCHINE CLOCK PULSE NHICH T-VECTOR NOT I T2 I NOT 
CRUSES THE T~VECTOR TO BECOME ACTIVE AND T2 ACTIVE 1 ACTIVE I ACTIVE 

the: NEXT CLOCK PULSE WHICH CAUSES THE NEXT 

T-VECTOR TO BECOME ACTIVE. THESE PULSES 

ARE KNOWN AS T-CLOCK PULSES OR JUST T- T-STEP T2 

CLOCKS AND THE T-STEP <T2 FOR EXAMPLE) IS 

AS SHDHN. 

LEADING EDGE FUNCTIONS ARE THOSE WHICH RRE TRIGGERED BV THE BEGINNING EDGE 
<DR ACTIVATION) OF THE T-STEP AND TRAILING EDGE FUNCTIONS ARE THOSE TRIGGERED 
i;;V THE ENDING EDGE <0R DEACTIVATION) OF THE T-STEP. 

H KAMI NAT I ON OF THIS SITUATION FOR TWO SUCCESSIVE T-STEPS SHOWS THRT fl TRAILING 
EDGE FOR ONE T-STEP OCCURS AT EXACTLV THE SRME TIME RS THE LEADING EDGE OF THE 
NEXT. THUS IT WOULD SEEM THAT R LERDINQ EDGE EVENT COULD OCCUR RT EXACTLY THE 

?;Arir time a trailing edge transition is happening. in actuallitv.. this problem 

)S AVOIDED BV HAVING SOME FUNCTIONS "MORE TRAILING EDGE" THAN OTHERS. THIS IS 
necessary SINCE THE MACHINE STATE VECTOR (ACTIVE K AND T-VECTORS) MUST BE IN A 
DEFINED STATE BEFORE THE 6-BIT DOMAIN CRN OPERATE PROPERLY. AND THE 6~BIT 
'SECTIONS MUST BE IN A DEFINED STATE FOR THE 16 BIT DOMAIN TO OPERATE PROPERLY. 
HENCE THE NECESSITY OF TWO ADDITIONAL CLOCKS DERIVED FROM THE T-CLOCK. THESE 
ARE. HOT SUPRISINGLV.- CALLED THE "F REGISTER CLOCK" COR F-CLOGK) AND THE "LS 
REGISTER CLOCK" <0R R-CLOCK>. THE RCTURL DELAYS BETWEEN THESE CLOCKS ARE 
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IHPORTflHT ONLV WHEN THE BOUNDRRIES BETWEEN THE THREE DOMfilNS WITHIN THE NRCHINIL 
RRE CROSSED. THE EXTREtlE CRSE IS IN R31 OPERRTIONS SINCE RLL THREE DOMRINS 
MEET IN R3i <COVERED EKTENSIVELV IN SECTION 5. 3. 5>. 



BRIEFLY, THE CLOCK 

lehding edge FUNCT 

TRftlLING EDGE FUNC 
THIS T- VECTOR <WHI 
THE NEXT ONE. RPP 
OCCURS.. COMPLETING 
MPPRDXIHRTELV 20 N 
COHPLETES RNV i8-B 
SEQUENCE IS SHOWN 



S RCT BS FOLLOWS. THE T-CLOCKS flCTIVRTE fl T-VECTOR. ALL 
IONS RRE BEGUN IMHEDIRTELV. RLL DECODING AND SET-UP FOR 
TIONS ALSO BEGINS RT THIS TIME. THE NEXT T-CLOCK DEACTIVATES 
CH WILL NOW BE CRLLED THE PREVIOUS T-VECTOR> AND RCTIVRTES 
ROXIMRTELV 28 NANOSECONDS AFTER THE T-CLOCK. THE F-CLOCK 

RNV 6-BIT DRTR TRANSFERS SPECIFIED IN THE PREVIOUS T-VECTOR, 
ANOSECONDS RFTER THE F-CLOCK, THE R-CLOCK OCCURS. THIS 
IT TRRNSFERS SPECIFIED IN THE PREVIOUS T-VECTOR. THIS 
IN FIGURE 5. 3. IR. " 



ACTIVE 
T-VECTOR 



T-CLOCK 



<— STRRT LERDIN6 EDGE FUNCTIONS 
I I 

1 I 



F-CLOCK 



< — FINISH F- TRANSFERS 



R-CLOCK 



< — F-INISH R TRANSFERS 



RELRTIONSHIP OF MRCHINE CLOCKS 



FIGURE 5. 3. ifl 
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IS. :<. 2 LERDING EDGE FUNCTIONS 

THE MEMORV REFERENCE FUMCTIONS^ REfiO/WRITE NRNOSTORE.. REflP/WRITE CONTROL STORE, 
GO/RESTRRT MAIN STORE.- RRE RLL OPERBTIONS WHICH DO NOT CRUSE DRTR TO BE GATED 
BUT RRE NECESSRRV TO HRKE DRTfi RVfilLRBLE FOR GRTING. IN ORDER TO MRKE THE DRTR 
RVfllLRBLE RS SOON RS POSSIBLE. THESE OPERRTIONS MUST BE INITIRTED flS SOON RS 
THE T-VECTOR IN WHICH THEV ARE SPECIFIED BECOMES RCTIVE. THUS THEV ARE LERDINCJ 
i:D«E FUNCTIONS. CRRE HUST BE TRKEN TO ASSURE THRT THE RDDRESS RND/OR DATA TO 
BE USED BV THE OPERATION IS STABLE BEFORE THE FUNCTION IS INITIRTED. SECTION 
'o. 4 COVERS THIS IN DETAIL. 

XIO AND RIO ARE THE ONLV OTHER LEADING EDGE FUNCTIONS. BOTH XIO AND RIO 
GENERATE A SIGNAL TO THE EXTERNAL PORT AND MUST THEREFORE BEGIN ON THE LEADING 
liDOE IN ORDER FOR THE ACTION THEY INITIRTE TO BE COMPLETED BV THE END OF THE 

T -PERIOD. 
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5.5.3 TRRILING EDGE EVENTS 
15. 3. 3. i T-CLOCK EVENTS 

LOMD NFC IS EXECUTED ON THE TRRILINQ EDGE T-CLOCK. THE THREE POSSIBLE SOURCES 
OF HEH VRLUES TO BE TRfiHSFERRED INTO THE NRNOPROGRRM COUNTER ARE THE COD BUS.. 
!<N IH THE EXECUTING NfiNOWORD, RND THE CURRENT VALUE OF NPC. NO SPECIRL TIMING 
PROBLEMS RR.ISE MITH THE LORD NPC OPERATION. 

GRTE NS RND LORD R31 RRE THE ONLV OTHER FUNCTIONS EXECUTED ON THE TRAILING EDGF 
T-CLOCK. BOTH RRE USED TO CAUSE THE TRANSITION BETWEEN ONE INSTRUCTION RND THF 
NEXT THUS THEV MUST BE COMPLETED BEFORE ANV OTHER FUNCTIONS CRN BEGIN. 

A CONFLICT IS POSSIBLE BETWEEN EACH OF THESE FUNCTIONS AND SOME OTHER FUNCTION 
IH THE MACHINE. IN THE CASE OF GATE NS.. AN F~TRANSFER INTO A K.. INITIATED IN 
IHE SAME T-STEP AS THE GATE NS MILL CRUSE RN UNDEFINED RESULT IN THE K UNLESS 
THE K IS "HELD" BV THE APPROPRIATE HOLD COMMAND. SEE SECTION 4.5.4.3. 

IN THE CASE OF LOAD R31, AN F TRANSFER INTO R21.. INITIATED IN THE SAME T-STEP 
AS LORD R3i NILL CAUSE AN UNDEFINED RESULT IN R31. SEE SECTION 5. 3. 4. RN R 
TRANSFER WILL OVERRIDE THE EFFECT OF THE LOAD R3i. 

1=.. 3. 3. 2 F-CLOCK EVENTS 

ALL F TRANSFERS RRE COMPLETED BV THE TRAILING EDGE F-CLOtK. THESE INCLUDE 
F REGISTER INCREMENT AND DECREMENT RND ALUF OPERATIONS SINCE THE RESULTS ARE 
GATED AS AN F TRANSFER. 

SIMULTANEOUS F TRANSFERS TO THE SAME DESTINATION DO NOT CRUSE UNDEFINED RESULTS 
SINCE THEV OCCUR AT EXRCTLV THE SAME TINE. A LOGICAL "OR" OF THE TRANSFERRED 
VALUES OCCURS. 

IS. 3. 3. 3 R-CLOCK EVENTS 

ALL 18 BIT TRANSFERS INTO LOCRL STORE OR EXTERNAL STORE RRE SVNCRONIZED ON THE 
•(RAILING EDGE R-CLOCK. SIMULTANEOUS R TRANSFERS INTO THE SAME LOCAL STORE 
REGISTER NILL PRODUCE THE LOGICAL "OR" OF THE TRANSFERRED VRLUES. 
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l^. 3. 4 R31 OPERRTIONS 

R5.1 IS THE PRIMRRV INTERFfiCE BETWEEN THE 18-BIT ARCHITECTURE AND THE 6-BIT 
BRCHITECTURE IN THE QM-i, SINCE IT IS SIMULTftNEOUSLV fl LOCAL STORE REGISTER 
f!HD RLSa CONTAINS THREE 6-8IT flUK FIELDS: 



R3i I 



I 




18 BUT LOCAL STORE REGISTER 




I 




I 


c 


I ft I 


B 


I 



R31 

BIT 17 16 15 14 13 12 11 18 09 08 0? 66 65 84 63 02 61 60 

KHEN SERVING IN ITS ADDITIONAL SPECIAL FUNCTION flS THE MICRO INSTRUCTION 
REGISTER.. R31 IS CLASSIFIED IN THE CONTROL MATRIX DOMAIN, SINCE THE 
LORD R3i COMMAND TRANSFERS THE SAVED MICROINSTRUCTION PARAMETER PART 
INTO RSi OH THE LEADING EDGE T-CLOCK: 



r:?i I 



7 ZERO BITS 



A 



i;;ECAUSE OF THIS INTERFACE, CARE MUST BE TAKEN IN ORGANIZING TRANSFER* 
INVOLVING RKl. THE FOLLOWING PROGRAMMING RULES ARE DERIVED FROM THF 
CLOCK RELATIONSHIPS DISCUSSED IN SECTION 5.3.1. 

1. IF THE ONLV TRANSFERS INTO R31 COMMANDED IN A T-STEP 
ARE IN THE 16 BIT DOHRIN. THEN SIX-BIT TRANSFERS OUT 
OF R:'1 COMMANDED IN THE FOLLOWING T-STEP WILL OCCUR 
TOO SOON TO USE THE iS-BIT VALUE. AND WILL INSTEAD 
TRRNSFER AN UNDEFINED VALUE. THIS HOLDS TRUE UNLESS 
THE T-STEP CONTAINING THE SIX BIT TRRNSFER COMMAND IS 
STRETCHED, IN WHICH CRSE SUCH TRANSFERS DO USE THE 
NEW iS-BIT VALUE. 

2. IF THE ONLV TRANSFERS INTO R31 COMMANDED IN A T-STEP 
ARE FROM THE SIX-BIT DOMAIN, THESE VALUES ARE AVAILABLE 
FOR TRANSFERRING OUT TO EITHER DOMAIN IN THE NEXT 
T-STEP. 
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2. IF TRfiNSFERS INTO R21 FROM BOTH THE SIX-BIT RHD THE 

18--BIT DOMftlMS RRE COMMRNDED IN R T-STEP. RN UNDEFINED 
VRLUE RESULTS IN R3i. 

4. WHEN R3i IS USED WITHIN ONE DOMRIN CNLV.. NORMRL TIMING 
RULES flPPLV.. flS IN SECTION 4. 4. 

5. IF SIX-BIT TRRNSFERS INTO R31 RRE CONCURRENT WITH LORD R'ii 
PRRRMETER LORDING <I.E. . IF SUCH TRRNSFERS RRE COMMANDED 
IN THE LfiST T-STEP OF R NRNOWORD RLONG WITH THE LORD RSI 
COMMRND) RN UNDEFINED VRLUE RESULTS IN R31. 



Cm-l HRRDNftRE LEVEL USER'S MflNURL 



NflNODfiTfl CORPORRTION 



PRGE eejuT 



':■>. 4 MEflORV REFERENCE FUNCTIONS 
5. 4. 1 NfiNOSTORE OPERRTIONS 
V;. 4. 1. 1 RERD NS 



REfiO HS IS a LERDING EDGE COHMRND THBT CRUSES R 268~BIT WORD TO BE RERD FROM 
NfiHOSTORE USING THE NRNOSTORE ADDRESS SELECTED PREVIOUSLY BV THE NRNO^TORE 
flDDRESSING HECHRNISM (SECTION 4. 5. 2>. THE ADDRESS MUST HAVE BEEN ESTABLISHED 
IN THE PREVIOUS T-STEP. THIS RDDRESS MUST BE STRBLE FOR THE T-STEP IN WHinH 
RERD NS OCCURS. NEITHER OF THESE REQUIREMENTS CRUSE RNV DIFFICULTY "^INCE THE 
LORD NPC C0J1I1RNDS RRE PROPERLY SVNCR0NI2ED TO SATISFY THEM. 

FOR NRNOSTORE DRTfl-OUT TO BE flVRILRBLE IN TIME FOR fl TRfllLING-EDGE 
GRTE NS EXECUTED IN R GIVEN T-PERIOD, THE LERDING-EDGE OPERfiTION 
RERD NS MUST OCCUR IN THE PRIOR. T-PERIOD OR EARLIER. THEREFORE 
READ NS. GATE NS CRN BE PROGRAMMED AS R SEQUENCE IN ONE T-STEP IF 
RND ONLY IF THAT T-STEP IS STRETCHED. 

READ NS, GATE NS EKECUTED IN THE SAME UN-STRETCHED T-STEP RE^^ULT IN 
m UNDEFINED VALUE LORDED INTO THE .CONTROL MATRIX. 



RERD NS CANNOT 
UNDEFINED DRTR 



BE COMMANDED IN Ti OF RNV NRNOHORD THAT RLLOWS INTERRUPTS 
RESULTS IN THIS SITUATION. 
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r^. 4. i. 2 WRITE NS 

KRITE NS IS R LERDING-EDGE NRNOPRIMITIVE TKRT INITIRTES WRITING 18 BITS INTO 
KRNOSTORE FROM THE EOD BUS RT THE BDDRESS SPECIFIED BV THE CONTENtS OF RSI. 
THE B FIELD OF R3i SPECIFIES WHICH OF THE 29 BVTES OF THE NRNOWORD IS TO BE 
KRITTEH <0-i9. MODULO 22>, THE 10 BITS OF R3i ON THE HIGH ORDER SIDE OF THE 
B FIELD IN R."?i SELECT THE PRRICULRR NRHOWORD TO BE WRITTEN. RN INVRLID 
HflNOSTORE RDDRESS <OUT OF RRNGE? CRUSES THE WRITE NS TO BE IGNORED. 

R3i IXX XX < NRNOWORD RDDRESS > XX BVTE RDDRESS I BITS MRRKED XX 

fjs^E IGNORED. 

i? 16 15 14 12 12 11 10 03 88 07 86 05 64 03 02 61 OO 

THE WRITE NS OPERRTION CONSUMES THREE T-PERIODS. (ATTEMPTS TO INITIRTE fl 
RERD NS OR ANOTHER WRITE NS DURING SUCH TIME RRE IGNORED. ) THUS IF WRITE NS 
FiPPERRS IN T-PERIDD T<N), NRNOSTORE WILL BE WRITTEN IN TIME FOR fl READ NS 
iLXECUTED IN T-PERIOD T<N + 3). 

ASSUMING THAT WRITE NS IS EXECUTED IN T-PERIOD T<N). RESULTS OF THE OPERRTION 

RRE UNDEFINED IF: 

1. THE NRNOSTORE WORD-RDDRESS IS MODIFIED BV fl COMMAND RPPERRING IN 
T-PERIOD T<:N-1). 

2. THE BVTE-SELECTOR IN B IS MODIFIED BV fl COMMAND APPEARING IN T-PERIOD 
T<N-1X 

3. THE DATA ON THE EOD BUS IS MODIFIED BV A COMMAND APPEARING IN T-PERIOD 
T<N-1). 
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v.. A. 2 CONTROL STORE OPERRTIONS 

ri. 4, 2, i CONTROL STORE ADDRESS SELECTION 

FOR EITHER REfiD CS OR NRITE CS, THE RDDRESS USED IS DETERMINED BV THE VRLUE 
•M" THE CS RDDR SELECT FIELD IN THE SRME T-VECTOR fiS THE REfiD CS Ok WRITE CS. 

■^..INCE BOTH REmD CS RND WRITE CS RRE LERDING EDGE FUNCTIONS. THE BDDRESS HUST BE 
sTfiDLE flT THE 3EC IKNI NG OF THE T-STEP IH I'lHICH THE COMMBHD OCCURS. THIS HBS 
DIFFERENT I H5''L I CftllCHS. DEPENDING DH THE RDDRESS SOURCE. EfiCH OF THE CRSES 
IS COVERED BELOW. fiSSUMIMG THFiT THE RERD CS OR WRITE CS OCCURS IN T<N;' : 

CS RDDR SELECT CONDITIONS • 

8 eee cifi rddress is trken from the locrl store register designrted 

BV rciR. HO COtlHRNDS CHftNQING FCIR OR CIR SHOULD RPPERR 
IN T<N-1) 

i 001 COD HERE THE RDDRESS IS TAKEN DIRECTLY FROM THE COD BUS RRTHER 

THBN FROM R REGISTER. SIHCE THE ONLV THING THRT CRN CHRNGE 
THE DRTR ON THE COD BUS IS PI PREVIOUS READ CS.- THIS SHOULD 
NOT OCCUR IN T<N-:l> UNLESS STRETCHED. 

2 018 MPC ADDRESS IS TAKEN FROM THE LOCAL STORE REGISTER DESIGNATED 

BV FMPC. NO COMMANDS CHRKGINQ FMPC OR MPC SHOULD APPEAR 
T<N-1>. 

3 Oil MPC+i HERE THE RDDRESS DEPENDS ON FMPC. MPC AND THE OUTPUT OF THE 

4 180 MPC+2 MPC INCREMENT FACILITV. AGAIN. NOTHING THAT CHANGES EITHER 

FMPC OR MPC SHOULD OCCUR IN T(N-1>. 

5 101 MPC+B IN THIS CASE, AN ADDED FACTOR IS INVOLVED - THE CONTENTS 01= 

6 lie MBP+AB R3i. THUS NOTHING THAT CHANGES THE CONTENTS OF R21 SHOULD 

APPEAR IN T<N~i) 

? ill SWITCHES 12 EXTERNAL SWITCHES DETERMINE THE CONTROL STORE RDDRESS. 

•!HE CONTROL STORE ADDRESS DETERMINED BV THE ABOVE SELECTION MUST BE STABLE ONLV 
FOR THE DURATION OF THE T-STEP IN NHICH READ CS OR WRITE CS OCCURS. THUS 
IT IS POSSIBLE TO SPECIFV IN THE SAME T-STEP, ANV TRAILING EDGE OPERATIONS THAT 
CHRNGE THE ADDRESS. 
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CONTROL ^TORE RDDRESSES RRE TRERTED MODULO 32K <i5 BITS>. RTTEMPTS TO READ 
KOHEXISTRNT LOCRTIONS RESULT IN ZEROS ON THE COD BUS: RTTEMPTS TO NRITE 

NONEJs'ISTRNT LOCRTIONS RRE IGNORED. 

IF RERD n^ RHD WRITE CS OCCUR SIMULTRNEOUSLV, ONLV THE WRITE CS OCCURS. 

RERD CS RND/OR WRITE CS COMMANDS RRE VRLID IN TWO SUCCESSIVE T-STEPS ONLV IS 

THE FIRST T-STEP IS STRETCHED. 

?, 4. 2. 2 RERD CS 

R^P.D 0^ RERDS THE 18 BIT VRLUE FROM CONTROL STORE RT THE ADDRESS DETERMINED BV 
C-s RDDR ^El ECT. THE VALUE RERD IS PLACED ON THE COD BUS FOR GATING INTO R 
I OCR! STHRE REGISTER.. FOR LORDING AS R MICROINSTRUCTION, FOR USE AS AN 
INDIRECT CONTROL STORE ADDRESS OR FOR USE fiS AN RRlTHMETIC OPERAND. IF 
THE Ri^RD C^. IS EXECUTED IN T-PERIOD TCN.^. THE DESIRED DRTR IS AVAILABLE ON COD 
FOR EACH OF THESE USES RT THE TRAILING EDGE OF TCN+l). IT IS RVAILRBLE RT THE 
TRRILINQ EDGE OF T<N> IF THE T~STEP IS STRETCHED. 

ONCE ESTRBLISHED.. R COD VRLUE REMAINS RVAILRBLE UNTIL -CHRNGED BV THE NEXT 

READ CS OPERATION. , 

iM. 4. 2. 2 WRITE CS 

K'RITE C^ WRITES THE 18 BIT VALUE FROM THE LOCAL STORE REGISTER SPECIFIED BV 
PCID INTO CONTROL STORE RT THE ADDRESS DETERMINED BV CS ADDR SELECT. 

)N ADDITION TO ALL OF THE RULES THAT RPPLV TO THE ADDRESS SELECTION (SECTION 
'=. 4 ■■> i>. THE DRTR ON THE CID BUS MUST BE STABLE FOR THE DURATION OF THE T-STEP 
IN WHICH THE WRITE CS OCCURS. THUS. FOR R WRITE CS IN T<N> TO BE VRLID. 
NOTHING THRT CHANGES EITHER FCID OR CID MRV RPPERR IN T<N~1>. 
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':■'. 4. 3 MR IN STORE OPERRTIONS 
Iv 4. 2. 1 REfiD MR IN STORE 

f-i RERD MRIN STORE OPERRTION IS INITIATED BV PLRCING THE ftPPROPRIRTE VALUES IN 

•fHE FOLLOWING REGISTERS AND SIMULTRNEOUSLV ISSUING THE COMMANDS MSGO AND MSRS. 

Fl'ilX - POINTER TO LOCAL STORE REGISTER USED FOR MRIN STORE ADDRESS 

HIX ~ HA IN STORE RDDRESS IN LOCAL STORE REGISTER 

E16 - MAIN STORE BASE ADDRESS IN EXTERNAL STORE REGISTER 

Ei7 - MAIN STORE FIELD LENGTH IN EXTERNAL STORE REGISTER 

THESE FOUR VALUES MUST BE CHANGED NO LATER THAN THE T-STEP BEFORE THE COMMANDS 
HSaO AND MSRS APPEAR. THE VALUES NEED ONLV BE HELD STABLE DURING THE T-STEP IK 
IN HHICH MSGO AND MSRS ARE ISSUED. MSGO AND MSRS MUST NOT BE ISSUED TOGETHER 
UNTIL A TEST OF "MS BUSV" INDICATES THAT MAIN STORE IS AVAILABLE. 

THE HORD IN MAIN. STORE.. ADDRESSED BV THE SUM OF THE VALUES IN MIX AND E±6 IS 
READ AND PLACED ON THE MOD BUS IN TIME FOR GATING WITH THE TRAILING EDGE 
(OMtlAHD GATE MS IN THE SANE T-STEP THAT THE TEST "MS DATA" INDICATES DATA 
riVRILRBLE. IF THE VALUE IN MIK EXpEEDS THE VALUE IN El?, OR IF THE ADDRESSED 
WORD IS BEVOND THE RANGE OF INSTALLED MRIN STORE ADDRESSES, THE RESULT ON THE 
MOD BUS IS ZERO AND A PROGRAM CHECK OCCURS. 

IF DESIRED.. THE PARTICIPATION OF EiS AND El? CRN BE BYPASSED BV ISSUING THE 
COMMAND DIRECT MS IN THE K~VECTOR OF THE WORD CONTAINING MSGO AND MSRS. IN 
1-FFECT.. THIS CRUSES THE OPERATION PERFORMED TO BE EQUIVALENT TO HAVING ZERO 
IN E16 AND ALL ONES IN Ei?. ADDRESSING MAIN STORE BEVOND INSTALLED ADDRESSES 
RESULTS IN A PROGRAM CHECK WITH ALL ONES ON THE MOD BUS. 

IF THE MS ADDRESSING AND PROTECTION OPTION IS NOT INSTALLED, THE EFFECT IS THAT 
OF HAVING DIRECT MS ALNRVS ON. THUS EiS RND E17 NEVER PARTICIPATE IN MRIN 
STORE ADDRESSING AND ARE AVAILABLE FOR OTHER USE. 

THE VALUE IN FMOD MUST BE ESTABLISHED NO LATER THAN THE T-PERIOD IN NHICH THE 
GATE MS OCCURS. BOTH FHIX AND FMOD HAVE AN EXTENDED ADDRESS FUNCTION AS SHOWN: 

FMIX FMOD 

LOCAL STORE REGISTERS LOCRL STORE REGISTERS 

EXTERNAL STORE E9 - E7 EXTERNRL STORE £6 - E7 

SOURCE OF ALL ONES NULL OPERATION 



VAl 


..UE 


8 


~ 21 


22 


- 33 


40 


~ 64 
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THIS PERHITS BOTH RDDRESS RND DRTR FOR MAIN STORE OPERRTIONS TO BE PLfiCED IN 
•sHE EXTERNftL STORE PORT REGISTERS RS WELL RS IN LOCBL STORE. 

f-iPTER RERD MRIN STORE HfiS BEEN INITIATED. RNV SUBSEQUENT MSGO OR MSRS SIGNALS 
KILL BE IGNORED UNTIL MS 8USV IS TURNED OFF AT THE END OF THE FULL HEHORV 
CVCLE. THE MINIMUM TIMING BETWEEN LEADING EDGE OF MSGO AND TRAILING EDGE OF 
GATE MS IS 640 NANOSECONDS. THE MINIMUM PERIOD OF SUCCESSIVE MSGO SIGNALS IS 
VBQ NRHO-SECONDS. 

':<. 4. 3. 2 WRITE MRIN STORE 

<;iNCE THE MIX BUS IS SHARED FOR BOTH ADDRESS AND DATA.. A WRITE MRIN STORE 
OPERRTION REQUIRES THAT THE DATA BE PLACED ON THE HI.X BUS AFTER THE ADDRESS 
IS ESTABLISHED. THE SINGLE COMMAND MSGO IS ISSUED RS FOR THE READ MAIN 
<-.TORE OPERRTION. AT SOME TIME THEREAFER.. THE VALUE OF THE DATA IS ESTABLISHED 
RV THE COMBINATION OF A CHANGED VALUE IN FMIX OR THE REGISTER IT REFERENCES. 
THEN THE COMMAND MSRS IS ISSUED AND THE MEMORV CVCLE COMPLETES.. PLACING THE 
NEIJ DRTR OH THE MI.X BUS INTO THE MEMORV AT THE ADDRESS PREVIOUSLV SPECIFIED. 

Hi ADDITION TO ALL THE REQUIREMENTS FOR READ MAIN STORE (SEE SECTION 5.4.3.1). 
ONE MUST ESTABLISH FHIK AND MIX NO LATER THAN THE T-STEP BEFORE MS.RS IS ISSUED. 

THE MEMORV CVCLE TIME IS VARIABLE. DEPENDING ON WHEN MSRS IS ISSUED. IN 
PARTICULAR.. THE LEADING EDGE OF THE NEXT MSGO SHOULD NOT dCCUR LESS THAN 
AQB NANOSECONDS AFTER THE TRAILING EDGE OF MSRS OR LESS THAN SOS NANOSECONDS 
riFTER THE LEADING EDGE OF THE PREVIOUS MSGO. 

Ix 4. ."S. ? READ-MODIFV-NRITE 

MAIN STORE MAV BE OPERATED IN R READ-MOD I FV-WR I TE MODE IN ORDER TO MODIFV THE 
CONTENTS OF A MEMORV LOCATION BASED ON THE VALUE RERD. THIS OPERRTION IS DONE 
PV STARTING A WRITE MAIN STORE.. WAITING FOR DATA AVAILABLE.. EXTRACTING THE 
DATA WITH GATE MS.. AND FINALLY ISSUING MSRS WHEN THE MODIFIED DATA IS READV ON 
THE MIX BUS TO BE WRITTEN BACK INTO MEMORV. THUS THE ONLY DIFFERENCE BETWEEN 
A NORMAL WRITE MAIN STORE AND READ-MODIFV-WRI TE IS IN THE TIMING OF THE MSRS 
SIGNAL. THE TIMING RULES OF SECTIONS 5.4.3.1 AND 5.4.3.2 APPLV. 
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5. 4. A EXTERNAL OPERRTIONS ,.. 

THE COMHRNDS FOR EXTERNRL OPERRTIONS ARE TREATED IN THIS SECTION BECAUSE.. FROM 
R PROGRRMMIHG POINT OF VIEW. THEV RRE QUITE SIMILAR TO THE COMMANDS FOR 
INITIRTING VRRIOUS MEMORV REFERENCE OPERRTIONS. 

TNO HRNOPRIMITIVES ARE AVAILABLE FOR INITIATING EXTERNAL OPERATIONS. THESE 
RRE RIO <"REfiD 10" > AND XIO <"TRRNSMIT 10" >. 

EXECUTION OF THE COMMAND RIO REQUIRES THAT THE PORT BE PREVIOUSLY SELECTED BV 
SETTING THE APPROPRIATE VALUE IN KR . THE RIO COMMAND CRUSES THE FOLLONING 
FiCTIOH- 

i. THE PORT-RIO PULSE IS SENT IMMEDIATELY <LERDING EDGE.V 

2. THE PORT REGISTER <IN EXTERNAL STORE> IS CLEARED. 

3. THE 18 INCOMING DATA LINES RRE GATED INTO THE PORT REGISTER. 

EXECUTION OF THE COMMAND XIO ALSO REQUIRES THAT THE PORT BE PREVIOUSLY SELECTED 

IK KB. IF REQUIRED FOR THE EXTERNAL OPERATION, THE DATA ON THE G-BUS AND ON 
■I HE INPUT TO THE "PHANTOM" REGISTER <FIPH> MUST ALSO BE ESTABLISHED. THE KIO 
COMMAND CAUSES RN XID PULSE TO BE SENT TO TH,E SELECTED PORT. 

ADDITIONAL INFORMATION ON THE EXTERNAL INTERFACE IS GIVEN IN SECTION 4. 6 AND 
SECTION y. 
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v.. 5 DRTfl TRRNSFER FUNCTIONS 

v.. 5. 1 T TRRNSFCRS 

riLL T-TRFIHSFERS RRE INVOLVED WITH ESTi=5BL ISHI HG THE PRIMRRY CONTROL STRTt OF 
■!HE HHCHIHE. THUS SUCH TRRHSFERS TRKE PLRCE ON THE TRRILIHG EDGE T--CLOCK. 

lilt. rOMi'-HMDS CflUSIHQ T-TRnHSFtK? RRE: 

LOfiD UPC ~ CfiUSES f\ rmUBFER OF 10 BITS INTO THE NRf'^OPROGRflM COUNTER <NPC> 
FRON OHE OF THREE SOURCES RS SPECIFIED: 

<KN> - IQ BITS FROM THE KN FIELD OF THE RCTIVE K-VECTOR. 
<SEQUENCE) - CURRENT VRLUE IN HPC PLUS ONE MODULO 1024. 
<CS> - LOW ORDER 3 BITS OF FIDX PLUS HIGH ORDER SEVEN BITS OF 
COD BUS IN THE FOLLOUIKG ORDER: 

FIDX COD BUS 

/ X X X fi B C .-' E F G H I J D X X X X X X X X X X X / 

. LORD NPC <CS> RLSO CRUSES THE 

NPC /RBCDEFGHIJ/ LOW ORDER 11 BITS FROfI THE COD 

BUS TO BE SAVED IN R DEDICRTED 

REGISTER FOR FUTURE USE. 

LORD R21 - CLEARS THE HIGH ORDER SEVEN BITS OF R31 AND CRUSES R TRANSFER.. 
INTO THE R AND B FIELDS OF R31. OF THE LOW ORDER 11 BITS FR0!'5 
THE COD BUS THAT i-IRS SAVED BV THE MOST RECENT LORD NPC <CS>, 

GATE NS UNCONDITIONRLLV -CRUSES ft TRRNSFER OF THE 36(3 BITS LAST RERD FROM 
NRNOSTORE TO BE GATED INTO THE CONTROL MATRIX WITH EXECUTION TO 
BEGIN IN Ti OF THE WORD GATED.. UNLESS Tl IS SKIPPED RS R RESULT 
OF SKIP ISSUED CONCURRENTLV NITH GATE NS UNCONDITIONRLLV. 

GATE NS - SRME RS GATE NS UNCONDITIONRLLV PROVIDED THE TEST SPECIFICATION 
IN THE CURRENT T--STEF IS SATISFIED. OTHERWISE.. THE COMMAND IS 
IGNORED. SEE SECTION 5. 7. 

SKIP - CRUSES RLL OF THE T- VECTOR COMMANDS IN THE NEXT T-STEP TO BE 
IGNORED IF THE TEST SECIFICRTION IN THE CURRENT T-STEP IS 
SATISFIED. OTHERl^ilSE THE COMMANDS HILL BE EXECUTED NORMRLLV. 
GATE NS AND SKIP ARE MUTUALLY EXCLUSIVE IN A T-STEP. 
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V>. 5. 2 F TRRNSFERS 

<;.IX"BIT TRRNSFERS INTO RND OUT OF F-STORE (INCLUDING F INCREMENT. F DECREflENT 
fiND RLUF OPERRTIONS; SEE SECTION 5. 6. 6 RND 5. 6, 7) RRE CONTROLLED BV THREE 
GROUPS OF FIELDS WITHIN THE RCTIVE T- VECTOR: 

GROUP 6: CFSEL0 3 [ RUXO 3 CINQ 3 C OUTS 3 

5 3 11 CBITS) 

GROUP 1: CFSEL13 C RUXl 3 ClNi3 C OUTl 3 

5 3 11 <BITS> 

GROUP 2: EFSEL2 3 C RUX2 3 i:iN2 3 

[ RUX3 3 C OUTS 3 
5 3 1 1 t;BITS> 

S1HC£ THE IN RND OUT CONTROLS SERVE RS NRNOPRIHITIVE COMMRNDS.. SIX CRT MOST) 
5;.ur-H TRRNSFERS MRV OCCUR IN R SINGLE T-STEP. THE SIX COMMRNDS RRE DEFINED RS 

FOLLOW?;; 

I NO: RUX CRUX8.. WITH ITS SOURCE-RUX ENCODING 3 > F tFSEL0 3 

GOTO: F CFSEL0 3 > RUX C RUXO. WITH ITS DESTINRTION-flUX ENCODING 3 

INi: RUX [RUXl.. WITH ITS SOURCE-RUX ENCODING 3 > F CFSEL13 

OUTl: F CFSEL13 > RUX E RUXl.. WITH ITS DESTINRTION-RUX ENCODING 3 

JN2: RUX CRUX2.. WITH ITS SOURCE-RUX ENC0DING3 > -F CFSEL23 

0UT2: F EFSEL23 — -> RUX C RUX3.. WITH ITS DESTINRTION-RUX ENCODING 3 

NORMRLLV.. ONLV TWO OR THREE OF THE F TRRNSFERS RRE COMMRNDED IN R GIVEN T-STEP 
SIHCCTHE F SELECTION MUST BE COMMON FOR ERCH IN/OUT TRRNSFER. THE RUX 
irNCODINGS RRE SHOWN SCHEMRT ICRLLV IN THE DIRGRRM BELOW. 
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811 


KB 








S 


811 


KR I 


I 


4 


lt50 


KB I 




4 


188 


KT 








4 


180 


KB I 


1" 


5 


101 


G<GSPEC> I 




5 


101 


G<GSPEC) 






5 


181 


GCGSPEO I 


1 


e 


118 


RLUF I 




6 


118 


INCFi 






I 


6 


lie 


INCF2 I 


1 


7 


ill 


10 ID I 




7 


111 


DECFi 






I 


7 


111 


DECF2 I 






I NO 


I 
I 
V 






INI 


I 
I 
V 










1N2 


I 
I 
V 



I F <FSEL0) I 



I F <FSEL1) I 



I .F CFSEL2> I 





OUT0 1 
V 




OUTl I 




0UT2 I 
u 






DE? 


T CRUX0 3 I 


I DEST CflUX13 I 


I DES 


T CRU 


X3 D I 




& 


689 


R 1 


I 6 


099 


R I 


I 6 


666 


R I 




1 


661 


B I 


I i 


061 


B I 


I 1 


661 


B I 




2 


818 


C I 


I 2 


610 


C I 


I 2 


610 


C I 




3 


eii 


KR I 


I 3 


811 


KR I 


I 3 


611 


KR I 




4 


186 


KB I 


I 4 


160 


KB I 


I 4 


160 


KB I 




5 


181 


KSHC I 


I 5 


161 


KX I 


I 5 


161 


KSHC 1 




6 


116 


KRLC I 


I 6 


119 


KRLC I 


I 6 


lie 


KT I 




7 


ill 


KS I 


I 7 


111 


KSHR I 


I 7 


ill 


KSHR I 



NOTES: 



G<G<^.PEC> IS DEFINED BELOW IN THIS SECTION, TRRNSFERS INVOLVING 

THJ^-. RUX SOURCE MUST RPPFRR IN STRFTCHRD T-STEPS. 

INCFI.. DECFI. INCF2 RHD DECF2 RRE THE RESULTS OF THE F INCREMENT 

RND F DECREMENT. THEV RRE DESCRIBED IN 5, G. 6. 

RLUF IS DESCRIBED IN 5.6.6. 10 ID IS DESCRIBED IN 4.6. 
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G SPECIFIER 



1. I STUD as ft SOURCE IN 
B !•: I N a R S I N G L E S U R C E 
OH THE "G- BUS'S 
THE RCTIVE T -VECTOR. 



F TRRNSFERS IS THE GUflNTITV G<GSPEC). RRTHER THRN 
FIELD. G<GSPEC> INDICRTES ONE OF 16 POSSIBLE SOURCES 
SELECTED BV THE VALUE OF fl SINGLE FOUR-BIT FIELD <6SPEC) IN 
THE HORMRL USE OF GSPEC IS TO INDIRECTLY SPECIFV fl SIX 
\ni VRLUE E!V REFERENCING ONE OF THE G REGISTERS <THE LRST 12 F REGISTERS). 
liOHEVER THE COMPLETE USE OF GSPEC INCLUDES THE FOLLOWING SIX DISJOINT 
.NRNOPRIMITIVE OPERRTIOHS. THE G-SPECIFIER <GSPEC> IS USED: 



1. TO SPECIFV fl SOURCE FOR CERTAIN 6-BIT TRRNSFERS; 

2. TO SPECIFV RLUF INPUT SELECTION C5. C. 7>; 
:<:. TO SPECIFV THE OPERAND IN RLL INC MPC OPERATIONS 

4. RS PRRT OF THE QM-i EXTERNAL INTERFACE <4. 6>. 

5. IN THE GENERATE/CLERR INTERRUPT FACILITV <4, 5. 2. 4>. 
S. TO SPECIFV THE DESTINATION OF INDEX ALU OPERATIONS 



<5. 6. 5>.i 



<5. 6. 4). 



HENCE.. UNLESS 
i^ IVE TVPES OF 



A BIT PATTERN IN THE GSPEC CRN BE SHARED TO ADVANTAGE. THESE 
OPERATIONS MUST BE CONSIDERED MUTUALLV EXCLUSIVE IN A T-STEP. 



NHEN INVOLVED IN OPERATIONS (1).. 
ONE OF THE 12 G"* S OR ONE OF FOUR 



C2). <4).. <5> 
"PSEUDO-G'S", 



OR <$> ABOVE. 
AS FOLLOWS: 



THE GSPEC SELECTS 



VRLUE OF 


G REGISTER 


GSPEC 


SELECTED 


8 


F28=Ge 


1 


F21=G1 


2 


F22:=G2 


Ti 


F23 = G.i: 


4 


F24=G4 


5 


F25=G5 


6 


F26=G6 


7 


F2?:=G? 


8 


F28^G8 


s 


F29=G9 


18 


F3e=G10 . 


11 


F31=G11 



VRLUE 


OF 


PSUEDO 


G 


COMMAND 


GSPEC 




SELECTED 


SPECIFICATION 


12 




10 ID 




"G 10 ID" 


13 




B 




"G B" 


14 




KS 




"6 KS" 


15 




KX 




"G KX" 



THE TERM. G<GSPEC> HAS 

BEEN USED TO REFER TO 

RNV OF THESE 16 SELECTIONS. 



NHEN GSPEC IS Ui 
?.-PF.CIFV THE INC 



ED IN <"<> THE LOW ORDER TWO BITS ARE USED DIRECTLV T( 
MPC OPERAND <SEE SECTION 5. 6. 5). 
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BLL OF THE TRFlNSFERS TG RND FROM LOCRL STORE RHD EXTERHRL STORE RRE CLRSSIFIED 
f-;-; R TRRNSFERS SINCE THEV OCCUR ON THE TRAIL I HQ EDGE R-CLOCK. flCTURLLV SUCH 
TRRHSFERS RRE DIVIDED INTO TWO CLRSSESi INPUT AND OUTPUT, RS VIEWED FROM THE 
.'..TORE INVOLVED. RLL OUTPUT TRRHSFERS RRE EHRBLED RS SOON RS THE BUS CONTROL 
)S ESTfiBLISHEDj INPUT TRRNSFERS REQUIRE RN EXPLICIT COHflfiKD TO EHRBLE THE 
GRTING OF THE DfiTR. 

•fHUS OUTPUT FROM LOCRL STORE OR EXTERNAL STORE IS ENABLED ON ALL OF THE 
FOLLOWING EiUSES flS SOON AS THE CORRESPONDING F REGISTER SELECTS ONE OF THE 

f-lPPROPRIRTE REGISTERS: 

BUS CONTROL DRTR USED WHEN: 

MIX FMIX MSGO OR HSRS 

CIR PC I A READ CS OR WRITE CS 

CID FCID WRITE CS 

EID FEID LORD ES 

AIL FfilL RLU RLWAVS OPERATING 

AIR FAIR 

SID FSID SHIFTER ALWfiVS OPERATING 

INC FMPC *+* MPC AND INDEX FACILITV RLWAVS OPERATING 

EOD FEOA GATE ES 

3HPUT TO LOCAL STORE OR EXTERNAL STORE REQUIRES NOT ONLV, A BUS CONTROL BUT RLSCi 
R COMMAND TO CAUSE THE ACTUAL GATING. FOR THE SIX INPUT BUSES TO LOCAL STORE 
flKD THE INPUT TO EXTERNRL STORE.. THESE ARE: 



BUS 


CONTROL 


DRTR TRA 


HOD 


FMOD 


GATE MS 


COD 


FCOD 


GATE CS 


EOD 


FEOD 


GATE ES 


ROD 


PROD 


GATE ALU 


SOD 


FSOD 


GATE SH 


INC 


FMPC *** 


INC MPC 


EID 


FEIfl 


LOAD ES 


*;f- .+:.. 


-INDEX USES 


ANOTHER SE! 



OR INDEX 

NOTE; *'f-*-lNDEX USES ANOTHER SELECTION MECHANISM, SEE SECTION 5.6.4. 

•(HE INPUT TO ALL TRANSFERS IS DETERMINED BV THE STATE OF THE CONTROLS AS 
"NIEV EXISTED FOLLOWING THE R-CLOCK' IN THE T-STEP IN WHICH THE TRANSFER IS 
3SSUED. • THE TRANSFER IS COMPLETED FOLLOWING THE R CLOCK OF THE NEXT T-STEP. 
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I.. G DHTR KRHIPULRTICH rUHCTIONS 
i-.. 6. 1 GENER.RL 

f! VRRIETV OF DflTfl HftHIPlfLflTI ON FUNCTIONS RRE PROVIDED IN THE QM-l. SECTION 5. f, 
•fREflTS ERCH OF THE MBJOR COHPONENTS RVfllLftBLE FOR HODIFVING DRTfi IN EITHER THE 
:t.9-BIT OR S-BIT DOMRH-^S. THESE COHPONENTS RRE: 

BRITHMETIC-LOGIC UNIT <RLU> 

SHIFTER RHD SHIFTER EXTENSION 

INDEX RLU 

(IPC FRCILITV 

F REGISTER INCREMENT RND DECREMENT FRCILITV 

RLUF 

RMI • 

(HE FIRST FOUR OPERATE ON DRTR IN THE 18-BIT PORTION OF THE MACHINE. THE NEXT 
•(WQ RRE FOR MRNIPULRTION SIX-BIT DRTR. THE LRST COMPONENT PROVIDES OPTIONRL 
HflWIPULRTIVE CfiPflBILITV RPPLIED TO DRTR RRRIVING FROM MAIN STORE. 

)N RDDITION. R31 PROVIDES RN INTERFRCE BV WHICH iS-BIT DRTR MRV BE MRNIPULRTED 
)H SIX-&IT SUB-FIELDS. FINRLLY.. RN "RUTO OR" CRPRBILITV EXISTS FOR LOGICRLLV 
COMBINING TWO VALUES IN EITHER DOMRIN SIMULTRNEOUS WITH R TRANSFER. 

RLL OF THE DRTR MANIPULATING COMPONENTS DESCRIBED IN THE FOLLOWING SECTIONS MRV 
HiE OPERATED IN PARALLEL. THEV COMBINE TO PROVIDE AN EXTREMELY POWERFUL 
ARITHMETIC AND LOGICAL CAPABILITY. 
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v.. 6. 2 OPERRTION OF THE RRI THMET IC-LOQIC UNIT 

•iHE RRITHMETIC-LOGIC UNIT CRLU> OUTPUT IS DETERMINED flS R FUNCTION OF: 

18 BIT INPUT ON THE RLU INPUT LEFT <RIL> BUS. 

18 BIT INPUT ON THE RLU INPUT RIGHT CfllR) BUS. 

R SINGLE BIT.. THE CRRRV- 1 N-HOLD <CIH) FLIPFLOP. 

R 6 BIT VfiLUE IN THE K REGISTER CKRLO USED TO CONTROL THE ALU. 

R SINGLE BIT IN THE F REGISTER <FIDX) USED TO SPECIFV 16 OR 18 BIT MODE. 

THE BRSIC FUNCTION IS DETERMINED BV THE LON ORDER A BITS OF KRLC flS FOLLOWS: 

KRLC I BIT I BIT I BIT I BIT I BIT I BIT I 

LRVOUT I5I4i:<I2IlI8I 

DEC I URL LOGIC 

CONTROL CONTROL < BRSIC RLU FUNCTION > 

CODE CODE 

ALU OUTPUT TRUTH TRBLE 

THE INDIVIDURL BIT OUTPUTS RRE DETERMINED BV THE RIGHT INPUT 

TK'O INPUT BIT VRLUES RND THE 4 LON ORDER BITS OF L i 

KRLC RS INDICRTED IN THE TRUTH TRBLE ON THE RIGHT. E 

rOR EXRMPLE.. THE EXCLUSIVE OR FUNCTION RESULTS F ' I NOT I NOT I 

UHEH KRLC IS 811001. THIS CRN BE SEEN BV INSERTING T I BIT I BIT I 
THE CONTROL BITS INTO THE TRUTH TRBLE RS SPECIFIED. I 2 I 2 I 

iHUS RLL OF THE IS BOOLERN FUNCTIONS RRE fiVfilLRBLE I 
fiND THEIR ENCODING CRN BE DEDUCED FROM THE TRUTH N 
'iRBLE GIVEN. P 

U 

IN RLL OF THE CRSES RBOVE. THE LOGIC CONTROL CODE IS T 

SET TO 1 TO DISRBLE THE INTERNRL CRRRV INTO ERCH BIT. 

k'HEN THE LOGIC CONTROL CODE IS O. THE OPERRTION ON ERCH BIT IS MODIFIED BV 

THE CRRRV INTO THRT BIT. THE CRRRV INTO THE BIT IS EXCLUSIVE OR' ED WITH 

■IHE RESULT RBOVE TO PRODUCE THE MODIFIED RESULT FOR THE BIT. THIS IS 

SHOiJN IN THE MODIFIED TRUTH TRBLE BELOW. 



I 




I 




I 


I 


BIT 


I 


BIT 


I 


I 


e 


I 


1 


I 
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ERE. CIN IS DEFINED ftS THE CfiRRV INTO 
HE BIT IN QUESTION. FOR THE LOW ORDER 
IT, CIN IS DEFINED RS THE VfiLUE OF THE 
RRRV IN HOLD <CIH) FLIPFLOP. FOR ERCH 
UBSEQUENT BIT, CIN IS THE SRME RS THE 
RRRV, OUTPUT FROM THE PRECEDING BIT. 

HE CRRRV OUTPUT FROM RNV BIT DEPENDS 
H THE INPUTS TO THE BIT (INCLUDING CIN> 
HO ON THE FUNCTION SPECIFIED RS BEFORE. 
HIS RELRTIONSHIP IS GIVEN IN THE FINRL 
RUTH TRBLE BELOW. 



RLU RRITHMETIC OUTPUT TRUTH TABLE 



L 
E 
F 
T 

I 
N 
P 
U 

T 



e 



RIGHT INPUT 



e 



I 
I 
I 


NOT BIT 
XOR 
CIN 


3 


I 

I 
I 


NOT BIT 2 I 
XOR I 
CIN I 


I 
I 
I 


BIT 
XOR 
CIN 




I 
I 
I 


BIT 1 I 
XOR I 
CIN I 



RLU CRRRV OUTPUT TRUTH TRBLE 

RIGHT INPUT 

1. 8 i 

[: 

F I NOT BIT 3 I NOT BIT 2 I 
■I I AND I AND I 

I CIH I CIN 1 

I ^_ 

H I NOT BIT I NOT BIT i I 
!•■ :l I OR I OR I 

U I CIN I CIN I 

■( 



THE CRRRV OUTPUT IS VRLID INDEPENDENT OF 
THE SETTING OF THE LOGIC CONTROL CODE. 
THIS IS fl CONSEQUENCE OF THE FACT THAT 
LOGICAL MODE ONLV INHIBITS THE EFFECT OF 
CRRRV ON THE OUTPUT BIT RND CRUSES NO 
CHRNGE IN CRRRV PROPRGRTION HI THIN THE 
RLU. 

THIS DETAILED COVERAGE OF THE RLU HRS 
BEEN INCLUDED SO THRT RNV QUESTION ABOUT 
THE RLU OPERATION CRN BE ANSWERED. FOR 
NORMAL USE. THE TABLE QN THE NEXT PRGE 
SUFFICES FOR ENCODING ALL ALU OPERATIONS. 



NORMAL OPERATION OF THE RLU IS IN iS BIT MODE. THIS RESULTS WHEN THE 16 BIT 
MODE CONTROL <HIGH ORDER BIT IN FIDX) IS RESET. WHEN IN 18 BIT MODE, ALL 18 

TO THE ALU. HOWEVER, WHEN 16 BIT MODE CONTROL 
INPUTS (AIL RND RIR> IS REPLICRTED TO FORM THE 
THIS APPLIES TO RLL RLU OPERATIONS EXCEPT "PRSS 
R MEANS OF TRRN5MITTING RLL 18 BITS THROUGH THE 
OTHERWISE, THE ALU OPERATES IDENTICRLLV IN 



BITS ARE ACTIVE ON THE INPUTS 
IS SET.. BIT 15 ON EACH OF THE 
). NPUTS TO BIT 16 AND BIT 17. 
LEFT" (Oillil) WHICH PROVIDES 
f-lLU EVEN WHEN IN 16 BIT MODE. 
lilTHER 16 OR 18 BIT MODE. 
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riLU CONTROL IS TRKEN FROfI THE KRLC FIELD IN THE ACTIVE K-VECTOR. THE HIGH- 
CiRDFR BIT OF KRLC IS THE DECI.HRL CONTROL; WHEN IT IS ON. DECIMAL CORRECTION 
NDRDS RRE FORCED ONTO THE SOD BUS TO REFLECT CURRENT ALU ACT I VI TV. RS PER 
^-.ilCTION 4. 2. 3. i. NOTE: WHEN THE DECItlRL CONTROL IS ON.. KSHC MUST SPECIFY 
?:.IHGLE SHIFTS SINCE THE DECIMRL CONTROL ALSO FORCES THE SHIFTER TO OPERRTE 
JN SINGLE MODE INDEPENDENT OF KSHC <SEE SECTION 5.6.10. 

•iHE REMAINING FIVE BITS OF KRLC CONTROL ALU FUNCTION AS FOLLOWS: 
(L.. R^LEFT.. RIOHTj 2' S COMPLEMENT CONVENTION ASSUMED) 



BIT 2 
THRU 

li'.rr 6 
or 

KRLC 
C-1B01 

:1 800 
:1 861 

:1810 

:UV11 
1188 
11«1 
;tlie 
:1lli 



LOGICAL 
FUNCTIONS 
KRLC BIT 4 
= i 



ARITHMETIC FUNCTIONS 
KRLC BIT 4=6 



NOT 
NOT 
NOT 
RLL 
HOT 
NOT 



L 

<L AND 

L OR R 

ONES 

<L OR R> 

R 



R> 



NOT <L XOR R> 
L OR NOT R 
NOT L RND R 
L XOR R 
R 

L OR R 

RLL ZEROS 

L RND NOT R 

L RND R 

L CPRSS LEFT] 



CRRRV IN HOLD 
= 6 

L - 1 

<L AND R) - i 

<L RND NOT R> - 1 

ALL ONES 

CL OR NOT R> + L 

<L OR NOT R> + 

<L RND R> 
L - R - i 
<L OR NOT R) 
<L OR R.> + L 
L + R 
<L OR R> + 

<L AND NOT R> 
L OR R 
L + L 

L + <L RND R) 
L + <L RND NOT R) 
L 



CfiRRV IN HOLD 

= 1 

L 

L AND R 

L RND NOT R 

RLL 2ER0S 

<L OR NOT R) + L + i 

<L OR NOT R) + 

CL RND R) + i 
L - R 

<L OR NOT R> + i 
<L OR R> + L + 1 
L + R + i 
<L OR R> + 

<L RND NOT R) + 1 
<L OR R> + 1 
L + L + i 
L + <L RND R.> + 1 
L + <L RND NOT R> + 1 
L + 1 



CARRV~OUT BIT 




IS DEFINED RS 




CRRRV- IN BIT 




OR L 




OR <L RND R> 




OR <L RND NOT 


R) 


OR 2ER0 





AND <L OR NOT R> 



AND <L OR R> 



AND L 
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THE OUTPUT OF THE RLU COS^iSISTS OF THE FOLLOWING: 

RN 18 BIT OUTPUT DETERHIHED BV THE ABOVE RULES. 

R CARRV-OUT CONDITION <CfiRRV OUT OF THE HIGH ORDER BIT> 

RN OVERFLOW CONDITION DETERMINED BV THE EXCLUSIVE OR OF THE CRRRV 

OUT VRLUES FROM THE THO HIGH ORDER BITS. 

•|HE i8-E!lT OUTPUT VALUE IS USED AS THE IS-BIT INPUT TO THE SHIFTER EXTENSION 
DISCUSSED IN SECTION 5,6.3. THIS VALUE MAV BE PASSED DIRECTLV TO THE ROD BUS 
OR IT MBV BE SHIFTED BEFORE TRANSFER. 

THE CRRRV-OUT CONDITION HfiV BE TRANSFERRED TO THE CARRV-OUT-HOLD FOR TESTING 

f!ND IT MRV BE RLSO TRANSFERRED TO THE CARRV-I H-HOLD FOR FUTURE USE 'SECTION 

-1.2.3.4 COVERS CRRRV CONTROL. TESTING OF THE CRRRV OUT AND OVERFl ON CONDITION*; 
)5 DISCUSSED IN SECTION 5.?. 

IN GENERAL, OPERATION OF THE ALU REQUIRES 2 T-PERIODSJ EITHER ONE STRETCHED 
•[--STEP OR TNO UNSTRETCHED T-STEPS. DETAILED TIMING OF BOTH THE RLU AND THE 
SHIFTER IS COVERED IN SECTION 5 6 •? 
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•■'. 6. J OPERRTION OF THE SHIFTER AND SHIFTER EXTENSION 

•(HE SHIFTER RND SHIFTER EKTENSION FORM R COMBINED SHIFT MRTRIX UNIT OPERRTING 
OH R TOTRL OF 36 BITS ENTERING FROM THE RLU <HIGH ORDER 18 BITS? RND FROM THE 
?;iD BUS. THIS UNIT MRV OPERRTE IN EITHER SINGLE MODE <PRSSING THE RLU OUTPUT 
OH TO THE ROD BUS> OR DOUBLE MODE CSHIFTINQ THE ALU OUTPUT EiEFORE IT REACHES 
THE ROD BUS>. THE 36 BIT OUTPUT TO THE ROD RND SOD BUSES IS DETERMINED RS R 
r UNCTION OK: 



19 BIT INPUT FROM THE RLU. 

18 BIT INPUT FROM THE SID BUS. 

fl 6 BIT VRLUE IN THE K REGISTER <K5HR> 

R 6 BIT VALUE IN THE K REGISTER CKSKC) 

R SINGLE BIT, THE CRRRV-OUT-HOLD CCOH) 



USED TO SPECIFV 
USED TO CONTROL 
FLIPFLOP. 



THE SHIFT RMOUNT. 
THE SHIFTER 



THE HIGH ORDER BIT <DECIMflL CONTROL CODE) OF THE ALU CONTROL. KRLC. 

KSHR SPECIFIES SHIFT RMOUNT <NUMBER OF POSI 1 1 ONS.>. RND IS INTERPRETED 
MODULO X.. WHERE X IS RPPROPRIRTE FOR THE TVPE OF SHIFT SPECIFIED IN KSHC. 

KSHC IS INTERPRETED RS FOLLOWS: 



KSHC 
LAYOUT 



I BIT I BIT I BIT I BIT I BIT I BIT I 



3 



LEFT 


RIGHT 




TVPE 


CONTROL 


CONTROL 


08 


CIRCULRR 8 


SWITCH 


SWITCH 


91 


LOGICRL i 






18 


ARITHMETIC 


< SECT I ON 


4. 2. 3. 4> 


11 


UNDEFINED 



MODE DIRECTION 
SINGLE LEFT 
DOUBLE 1 RIGHT 
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TlillHG OF RLLl RND SHIFTER 

fh-^-^UIflE THRT THE LRST TRAIL ING-EDGE OPERATION THAT CHANGES ANV INPUT RELEVANT TO 
m RLU/SHIFT PROCESS IS COHHRHDED IN T-PERIOD TN. THEN THE EARLIEST T-PERIOD 
(HOT T-STEP> IN WHICH THE DATA OUTPUTS OF THRT PROCESS ARE AVAILABLE AS DEFINED 
rOR GATING OUT BV R TRR ILI NG-EDGE N'A?^OPRIHI TI VE IS GIVEN BV TN+X.. WHERE .X 
UEPENDS OH THE PROCESS. AS FOLLOWS CTEST OUTPUTS ARE ALSO AVAILABLE IN TN+K) : 



PfiSS DRTR THROUGH ALU CKRLC = "PASS LEFT">. THEN BVPASS THE SHIFTER EXTENSION 
TO ROD <KSHC SPECIFIES SINGLE SHIFT) -^ = 2- 

PASS DATA THROUGH ALU <"PASS LEFT"), THEN DOUBLE SHIFT X = 2. 

RLII OPERATION <NOT "PASS LEFT")." THEN BVPASS THE SHIFTER EXTENSION X = 2, 

RNV SINGLE SHIFT. OR SID TO SOD WITH NO SHIFT (KSHR = 0) X «= 2. 



ALU OPERATION <NOT "PASS LEFT").. THEN DOUBLE SHIFT (SPECIAL CASE: SID AND 
<;.HIFT CONTROL INPUTS NOT NEEDED UNTIL TN+1) X = 3. 



•|HE ALU AND SHIFTING UNITS ARE NOT PIPELINE DEVICES; INPUTS TO A PROCESS MUST 
!-:F HELD STABLE FOR THE DURATION OF THAT PROCESS. <A NEW PROCESS IS DEFINED TO 
i;;EGIH WHEN ANV INPUT CHANGES; AT THRT TIME. THE RESULT OF THE PREVIOUS PROCESS 
•iS CONSIDERED INVALID. > IF THIS RULE IS NOT FOLLOWED. OUTPUTS ARE UNDEFINED. 
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v.. G. 4 OPERRTION OF THE INDEX ALU 

f-i SPECIAL DATA MANIPULATION UNIT> THE INDEX ALU, IS PROVIDED IN ORDER TO 
rnCILITATE RAPID INDEXING AND LOGICAL OPERATIONS. IN PARTICULAR. THIS FEATURE 
(IF THE MACHINE IS USEFUL IN COMPUTING ADDRESSES AND IN MASKING OPERATIONS. 
MLTHOUGH IT IS NOT RESTRICTED TO THESE TASKS IN ANV SENSE. OPERATION OF THE 
JKDEX ALU FUNCTION CAN BE ACCOMPLISHED IN A SINGLE STRETCHED T STEP. OR IN 2 
f-lDJfiCENT UNSTRETCHED T-STEPS. THE RESULT IS GATED INTO LOCAL STORE WITH THE 
WRNOPRIMITIVE "INDEX" <SEE 5. 2. 2>. 

•(HE IMPLEMENTATION OF THE FUNCTION REQUIRES THE DEDICATED USE OF THE THIRD F 
■{RRNSFER MECHANISM. NRMELV THE FOLLONING CONTROL MATRIX FIELDS ARE USED IN RNS' 
•( STEP IN NHICH THE FUNCTION IS INVOKED. 



AUX2 

FSEL2 

RUK3 

GSPEC 



SELECTS LOCAL STORE SOURCE REGISTER 
SELECTS RRITHMETIC OR LOGICAL FUNCTION' 
SELECTS INDEX REGISTER 
SELECTS LOCAL STORE DESTINATION REGISTER 



IIXCEPT FOR THOSE FIELDS, THE FUNCTION 

ivIITH ALL OTHER FUNCTIONS OF THE QM-i. 

PATHS THAT ARE INVOLVED. NOTE THAT A 
RESULT OF THE OPERATION. 



OPERATES INDEPENDENTLY AND CONCURRENT 

THE ILLUSTRATION BELOW' SHONS THE DATA 
LOCAL STORE REGISTER RLWAYS RECEIVES THE 



G( GSPEC > 



>I 

V 

I 28 

I 

I LOCAL 

I 

I STORE 

I 

I REGISTERS 

I 

>I 

HUXCAUK2> V 







1; 
I 








I 








I 








18 BIT 














ART 


THMETIG 


LOGIC I 














UNI T 




= = 


= r£ s:=s=:' 


^. 


======== 




I 


I 


I 




I 


FSEL2 


I 






1: E ©■ I, 

I; THRU I. 

I E 21 I 

I — - I 

I MOD BUS I 

r I 

I COD BUS I 

I 

I< 

V RUXCAUX:<> 
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I ML" THREE REGISTER SELECTION CONTROLS USED IN INDEX FILU OPERATION ARE ENCODED 
fiS FOLLOWS: 



f-iUX2 - PROVIDES AN INDIRECT REFERENCE TO A 

LOCAL STORE REGISTER WHICH WILL BE USED 
fiS THE LEFT INPUT TO THE INDEX ALU. 
THE FIELD IS DECODED BV THE SAME 
PHYSICAL HARDWARE USED TO DECODE AUX2 
IH ITS PRiriBRV CAPRCITV AS AN INPUT 
SELECT FDR RN F REGISTER TRANSFER. 
THEREFORE THE VALUES ASSOCIATED WITH 
EACH VALUE OF RUX2 ARE THE SAME AS WHEN 
IT IS USED TO SELECT AN AUX TO F TRANSFER. 



AUX2 


1 
2 
3 
4 

6 
7 



FIELD SELECTED 



A 




t' 
KX 




KA 




KB 




G<GSPEC> 


NOT 


USED 


NOT 


USED 



THE SELECTED FIELD. A OR B OR KX ETC. PROVIDES THE LOCAL STORE REGISTER 
SOURCE SELECTION. IF USEE^.. GSPEC MUST BE REPEATED IN THE PREVIOUS T-STEP, 



AUX3 - AN INDIRECT REFERENCE TO 
ONE OF 16 POSSIBLE SOURCES 
OF AH 18 BIT INDEX OPERAND 
WHICH WILL BE USED AS THE 
RIGHT INPUT TO THE INDEX ALU. 
TWELVE OF THESE ARE EXTERNAL 
REGISTERS; TWO ARE SOURCES 
OF ALL ONES; THE REMAINING 
TWO ARE THE MEMORV BUSES 
MOD AND COD RESPECTI VELV. 



GSPEC ~ AN INDIRECT REFERENCE TO A LOCAL 
STORE REGISTER TO RECEIVE THE RESULT 
OF THE INDEX ALU OPERATION. THE FIELD 
IS DECODED BV THE SAME HARDWARE USED 
TO DECODE GSPEC WHEN IT IS USED TO 
SELECT AN INPUT FOR A F REGISTER 
TRANSFER. THUS THE FIELD SELECTED BV 
GSPEC IS THE SAME AS WHEN IT IS USED 
TO SELECT AN AUX TO F TRANSFER. 



AUX3 SELECTS CONTENTS SELECT "X" OPERAND 






A 


1 


B 


2 


KT 


3 


KB 


4 


F28=G8 


5 


F23=G9 


6 


F30=Gi0 


7 


F31=G11 






XX0080 




E8 


1 


xxesoi 




E9 


11 


XXiSli 




Ei9 


12 


XXli00 




ALL ONE.S 


13 


XXilQl 




ALL ONES 


14 


XX1110 




MOD 


15 


XXllii 




COD 


GSPEC 


FIELD SELECTED 







F20 


= G0 


11 


F31 


= G11 


12 




NOT 


USED 


13 




B 




14 




KS 




15 




KX 





■IHE CONTROLS PROVIDING FOR SELECTION OF A LOCAL STORE REGISTER SOURCE AND 
DESTINATION AND FOR SELECTION OF AN INDEX OPERAND FROM EITHER RN E REGISTER OR 
DIRECTLV FROM MAIN STORE OR CONTROL STORE HAVE BEEN DESCRIBED. THERE REMAINS 
•fHE MANNER IN WHICH THE SPECIFIC FUNCTION IS SELECTED BV THE FSEL2 FIELD. 
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SE 


L2 




EITHER 


fi DIRECT 


SE 


LEC 


TION 


OF ONE OF 


1.1 ARITHMETIC 


RND LOGICAL 








Fl-HCT 


IONS 


. OR FIN I 


HDI 


REC 


T SP 


ECIFICRTION 


OF ONE 


OF 


18 


POSSIBLE 6 BIT 








FI 


ELI 


S CO 


MTfilNIHG 


ONE 


OF 


i r". c 


STRNDRRD 4 


8 FUNCTION 


CODES. <"L" REFERS 










o 


LOCB 


^ b roRt R 


EG! 


STE 


R; " 


X" REFERS TO RN EXTERNAL 


STORE REGISTER, 








i.-' 1'" 


D E 


US. 


OR COD Bu 


S, 






































FUNCTION 




DR FUNCTION 








FS 


ELZ 


FUNCTION S 


PEC 


IFI 


ED 


FSEL2 


SPECIFIED 


BV 


SPECIFIED 










88 




L - 1 — 





> L 




12 


R 
















81 




L + 1 -- 





> L 




±3 


B 
















f.* 'r> 




L XOR X 





> L 




14 


KR 
















8:< 




RLL ONES 


__ 


> L 




15 


KB 
















84 




RLL ZERO 


__ 


> L 




16 


Fi6 - 


FMPC 












85 




NOT K — 





:> L 




17 


F17 - 


FIDX 












66 




L - X -- 





> L 




iS 








L --> L 










07 




L RND X 





> L 




19 








L — > L 










88 




L OR X 





> L 




28 


F20 - 


G0 












89 




L * X — 





> L 




__ 





_- 


- 












18 




X 





> L 




3i 


F21 - 


Gil 












11 




NOT L — 





:> L 














!• 


UN 


:-TIOH 








FUNCTION SPECIFlCRTION 
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JDE 




BIT 


5 4 








5 4 








5 4 
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(■1 
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HOT 


L 
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- 1 








L 
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NOT 
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•> I 


<L 


RND 
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(fi 
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NOT X> - 1 
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i 
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ALL 
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2'S COMPLEMENT > 
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NOT 


<L OR X> 
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OR NOT X) 
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X 




<L 


RND 
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<L 
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i 
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NOT<L XOR X> 
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- X 


- 1 
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- X 
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i 




L OR NOT X 
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OR NOT X 
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NOT 
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:t 
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L 


+ X 
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L 
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1 
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i:-. 6. 5 HPC OPERRTIONS 

f-OUR LOCftL STORE REGISTERS <R24. R25. R26 AND R27> HAVE R SPECIAL INCREMENT 
CRPRBILITV TO FRCILITRTE THEIR USE AS MICRO PROGRAM COUNTERS. THE REGISTER 
CURRENTLY DESIGNATED RS THE t^FC IS DETERMINED BV THE CONTENTS Or FMPC CMOO 4). 

•(HE CURRENT CONTENT OF THE DESIGNATED MPC IS CONTINUOUSLY BEING ADDED TO THE 
rOLLOl>JlHG FOUR VALUES; 

+ 1 
+ 2 

B <LOH ORDER 6 BITS OF RSi, SIGN EXTENDED. TNO' S COMPLEMENT ADDITION). 
m (.LOU ORDER 11 BITS OF R31, SIGN EXTENDED. TWO'S COMPLEMENT ADDITION). 

•(HE RESULTS OF THESE COMPUTATIONS MfiV BE USED AS A CONTROL STORE ADDRESS FOR 
ERD CS OR NRITE CS. OR THEV MAV BE GATED BACK INTO THE DESIGNATED MPC USING 
COHHRND INC MPC. THE CS ADDR SELECT FIELD IS USED TO SELECT THE DESIRED 
VRLUE FOR CONTROL STORE OPERRTIONS. THE GSPEC FIELD IS USED TO SELECT THE 
DESIRED RESULT IN INC MFC OPERATIONS. THE ENCODINGS ARE AS FOLLOWS: 

MPC RESULT CS RDDR SELECT ' GSPEC VRLUE 

MPC 010 <X= IGNORED) 

MPC + 1 Oil KXMi 

MPC + 2 188 XXe-i 

MPC+B 101 XX10 

MPC+RB 110 XXli 

fiLL MPC OPERRTIONS INVOLVE IS BIT RRITHMETIC; THE HIGH ORDER TWO BITS RRE SIGN 
iiXTENDED FROM THE 16TH E-'IT. THUS INCREMENTING 2**16 - 1 &V 1 PRODUCES ALL ONE<; 
C-1 IN TWO'S COMPLEMENT NOTATION). FOR CONTROL STORE OPERATIONS. THE HIGH 
(sRDER THREE BITS ARE IGNORED. 

(HE INC MPC NANOPRIMITIVE IS A TRAILING-EDGE OPERATION^ THE INCREMENTED VALUE 
}S LORDED INTO THE APPROPRIATE LOCAL STORE MPC <THE ONE SELECTED BV FMPC) AT 
THE END OF THE T-STEP IN WHICH THE NANOPRIMITIVE IS EXECUTED. THE PROPAGATION 
IIME THROUGH THE ADDING CIRCUITS IS SUCH THRT IF FMPC. MPC. R OR AB IS CHANGED 
ii;V RNV TRAILING-EDGE COMMAND IN THE T-STEP PRIOR TO THE ONE CONTAINING THE INC 
KPC COMMAND. THE T-STEP CONTAINING THE INC MPC COMMAND MUST BE STRETCHED. 
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IV. 6. 6 INCREMENT F RND DECREMENT F OPERATION'S 

f-i FfiCILITV IS RVRILRBLE FOR INCREMENTING OR DECREMENTING THE CONTENTS OF RNV 
r REGISTER. THIS IS fiCOflPLISHED BV SELECTING THE DESIRED F REGISTER FOR RN 
UUK TO F TRRNSFER. SELECTING IKCF OR DECF RS THE RUK SOURCE RND ENRBLING THE 
•fRRNSFER WITH THE IN COMflRND. SINCE INCF RND DECF ARE RVRILRBLE RS RUX SOURCES 
ONLV IN GROUP i RND GROUP 2, RT MOST TWO F-REGISTERS MRV BE LORDED WITH 
(EITHER) RN INCREMENTED OR DECREMENTED VALUE IN R T-STEP. 

•fHE F REGISTER INCREMENT RND DECREMENT FRCILITV OPERRTES BV CONTINUOUSLV 
PERFORMING RN INCREMENT RND DECREMENT OPERRTION ON THE CONTENTS OF THE F 
REGISTERS SELECTED BV THE FSELi AND FSEL2 FIELDS. FOUR VALUES RRE RVRILRBLE 

i-;S OUTPUTS: 

F<FSELi) + i F<FSELi> - i F<FSEL2> + i F<FSEL2) - 1 

tHESE VRLUES RRE SELECTED BV THE CORRESPONDING flUXi AND RUX2 FIELDS. THE 
COMMANDS INi RND IN2 CRUSE THE SELECTED VALUE TO BE GATED BACK INTO THE 
•r REGISTER RS A TRAI L I NG-EDGE F TRRNSFER. THE F REGISTER INCREMENT RND 
DECREMENT RRE UNSIGNED SIX-BIT OPERATIONS. FOR EXRMPLE. INCREMENTING lillii 
PRODUCES 680888. 

i;;ECRUSE OF THE PROPRGRTION TIME OF THE ADDING CIRCUITS. AN INCF OR DECF MUST 
BE PL.RCED IN A STRETCHED T-STEP IN ORDER TO BE COMPLETELY SELF-CONTAINED. 
ilDWEVER.. IT MRV BE SUCCESSFULLY PLACED IN RN UNSTRETCHED .T-STEP PROVIDED THE 
i^DLLOHING TWO CONDITIONS ARE MET: 

i> THE VRLUE IN THE F REGISTER IS NOT CHANGED BV AN F TRANSFER IN THE 
PRECEDING T-STEP. 

2> THE SAME F REGISTER SELECTION <FSEL1 OR FSEL2) IS SPECIFIED IN THE 
PRECEDING T-STEP. 

NOTE: INCREMENTING OR DECREMENTING FIPH SHOULD BE RVOIDED SINCE THIS CONNECTS 
RN ADDER'S OUTPUT DIRECTLY TO ONE OF ITS INPUTS AND RESULTS IN AN 
UNSTABLE CONDITION. 
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':-,. e. ? RLUF OPERRTIONS 

{■) SIX-BIT RRITHMETIC LOGICRL FfiCILITVS DESIGNRTED "RLUF", IS flVRILRBLE flS fl 
QI1--1 OPTION. THIS FRCILITV PROVIDES FULL RRITHMETIC AND LOGICAL OPERATIONS.- 
USlUCi THE CONTENTS OF Tk'O F REGISTERS RS THE TWO OPERRNDS. WITH THE RESULT 
PLACED IN RNV DESIRED F REGISTER. 

THE ALUF OUTPUT IS TRANSFERRED INTO RN F-REGISTER BV THE NORMAL flUX TO F 
•| RAILING- EDGE NRNOPR I H I T I VES THAT LORDS SOURCE RUX FIELDS INTO AN F-REGISTER; 
■IHF.SL- CONTROLS ARE PRESENTED IN SECTION 5.5.2. THIS TRANSFER IS ONLV AVAILABLf^ 
IN GROUP 0. FSELe DETERniNES THE F REGISTER RECEIVING THE RESULT. 

7HF: LEFT DATA INPUT IS THE CONTENTS OF THE F REGISTER SELECTED BV FSELl THIS 
)S DLSIGNRTED "F" IN THE TABLE BELOW. THE RIGHT DATA INPUT IS FROM THE G 
REGISTER SELECTED BV THE GSPEC FIELD. THIS OPERAND IS REFERRENCED RS "G" IN 
THE THOLE BELOW. FINRLLV, THE ARITHMETIC OR LOGICAL OPERATION TO BE PERFORMED 
ON THESE TWO OPERANDS IS DETERMINED BV THE CONTENTS OF FSEL2 AS ENCODED IN THE 
■lABLE BELOW. 

ALUF FUNCTION ENCODING NOTE: 2' S COMPLEMENT CONVENTION ASSUMED. 

LOW 4 BITS RLUF OUTPUT ALUF OUTPUT 

OF FSEL2 FSEL2 HIGH BIT = 1 FSEL2 HIGH BIT = 8 



(•'60B NOT F F 

{^081 NOT (.F AND Q> F AND G 

C'Slti NOT F OR G F AND NOT G 

C^C'li ALL ONES ***.'4:* ALL ZEROS 

C<;t.t)0 NOT (F OR G> F PLUS <F OR NOT G> PLUS 1 

f'^:^t1-'^ NOT G F AND G PLUS <F OR NOT G> PLUS :t 

C-ilte NOT <F XOR G> F MINUS G 

i-^iil F OR NOT G <F OR NOT 6> PLUS 1 

;Uuifi NOT F AND G F PLUS <F OR G.> 

:iei31 F XOR G F PLUS G 

•^Oit< G F AND NOT PLUS <F OR G> 

^Bil F OR G F OR G 

.1100 ALL ZEROS F PLUS F 

•^iDl F AND NOT G <F AND G5 PLUS F 

:llie F AND G <F AND NOT G> PLUS F 

:li 1 i F F 

**+=*** DEFAULT CONDITION WHEN ALUF OPTION IS NOT INSTALLED. 
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THE RLLIF UNIT IS CONTINUOUSLV OPERRTING. USING THE INPUTS BND FUNCTION fl^ 
5;PEC1FIED BV THE FSELl. GSPEC RND FSEL2 FIELDS RT THE LERDING-EDGE OF EACH 
T-STEP. THE OUTPUT WILL BE GRTED flS R TRfllLl HG-EDGE flUX TO F TRANSFER ONLY 
K'HEN RUXO SPECIFIES RLUF RND THE INS CONTROL SPECIFIES RN RUX TO F TRANSFER 
IN GROUP 0. RNV T-STEP USING THE RLUF OUTPUT MUST BE STRETCHED IN ORDFR FOR 
•iHE OUTPUT TO BE STABLE. 

IF THE RLUF OPTION IS NOT INSTALLED, ft SOURCE OF RLL ONES IS AVftlLflBLE BV 
SELECTING THE APPROPRIATE RLUF CONTROLS. 
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':■>. 6. B RMI OPERRTIONS 

R SPECIRL UNIT, DESIGNBTED THE RMI UNIT, IS flVfllLRBLE RS R QM-1 OPTION- FOR 
KiRNIPULRTING THE DRTR RERD FROfI MRIN STORE ON THE WAV INTO LOCRL STORE OR 
nXTERNRL STORE. THIS UNIT PERMITS SELECTION RMONG THREE SETS OF . DVNRfllCRLLV 
VRRIBBLE ROTRTE, fIRSK RHD INDEX OPERATIONS ON THE MAIN STORE DRTR. IT IS 
IDERLLV SUITED FOR EflULRTION OF VARIOUS MAIN STORE MACHINES HAVING fl VRRIETV 
(IF MEilORV WIDTHS RND FORMRTS. 



.'■; PRELIHINRRV DESCRIPTION OF THE Rtll UNIT 
.<;PECIF1 CRT IONS RRE flVRlLRBLE ON REQUEST. 



IS GIVEN IS SECTION 4. 2. €. 4. FURTHER 
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v. 7 CONDI TIONRL FUNCTIONS 

';.. 7. 1 TEST FIELDS RND MRSKS 

fHRTI-: CLRSSES OF TEST CONDITIONS ARE flVfllLRBLE FOR DECISIOM MAKING RT THE NRNO-- 
l-ROGRRH LEVEL. THESE RRE : 

LOCRL CONDITIONS - SIX CURRENT OUTPUT CONDITIONS RVRILRBLE FROH THE RLU 

RND SHIFTER. 
GLOBRL CONDITIONS ~ SIX OUTPUT CONDITIONS FROM THE RLU RND SHIFTER THRT 

WERE PREVIOUSLV SfiVED IN F REGISTER FIST. 
SPECIRL CONDITIONS - fl SET OF SIX SPECIRL MRCHINE STATUS CONDITIONS THRT 

RVRILRBLE FOR TESTING. 

r^THIN RNV CLASS. ONE OR MORE OF THE CONDITIONS tIRV BE 5 IMULTRNEOUSLV TESTED 

FDR BEING PRESENi OR RBSENT. RN INDIVIDURL SIX-BIT f-lflSK FIELD IN THE ACTIVE 

.'(-VECTOR IS PROVIDED FOR TESTING EfiCH CLASS. THE BITS SET IN THE f1R'=;K SELECT 
I HE CONDITIONS TO BE TESTED. 



a MASKS THE LOCRL CONDITIONS. 

<S fIflSKS THE GLOBRL CONDITIONS <FIST>.i 

<X MASKS THE SPECIAL CONDITIONS. 



•fHE ARITHHETIC TEST FIELDS RND MRSKS <KS. KT, RND FIST> ARE FORMRTTFD A«^ 
SHOHH BELOW. <THE CONDITIONS ARE DEFINED IN SECTION 4. i.'. :<. 5. > 

I SHIFTER I RLU I ALU I ALU I COHBINED I SHIFTER J 
I HIGH BIT I CRRRV I SIGN I RESULT I OVERFLOW I LOW BIT I 

BIT 5 BIT 4 BIT 3 BIT 2 BIT i BIT © 

•(HE SPECIAL TEST FIELD AND MASK <KX> IS FORMATTED RS FOLLOWS: 

I NOT USED I PROGRAM I R INDEX I MS I MS DRTR I F NOT I 
I RESERVED I CHECK I NOT ZERO I BUSV I INVALID I 2ER0 I 

BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT & 

E SECTION: 4.5.2.2 5,6.4 4.2.6 5.6.6 



<■ r r c. 
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•|HE REMAINDER OF THE TESTING FfiCILITV CONSISTS OF TWO FIELDS IN THE ACTIVE 
•| -VECTOR.. R ONE-BIT RCTJON SELECTOR RND fl THREE BIT TEST SPECIFIER. 

RCTION - SKIP (INHIBIT RLL CONTROLS IN NEXT T-STEP>. 

i - QRTE NS <LORD CONTROL MRTRIX WITH NRNOWORD LAST 
RERD FROM NRNOSTORE). 

TEST 080 <=0> - DO NOT EXECUTE RCTION. 

081 <=1) - EXECUTE RCTION UNCONDIT lONRLLV. 

IWTERPRETRTION OF OTHER ENCODINGS IS "EXECUTE RCTION IF:" 

010 <=2) - FIST RND KS EQURL ZERO 

011 <=3> - FIST RND KS NOT EQUAL ZERO 

100 <=4> - LOCRL CONDS RND KT EQURL ZERO 

101 <=5> - LOCRL CONDS AND KT NOT ERURL ZERO 
110 <=6.'5 - SFECIRL CONDS RND KX EQUAL ZERO 
ill (=7) - SPECIAL CONDS RND KX NOT EQUAL ZERO 

<R TEST CONDITION IS "i" IF TRUE.. "0" IF FALSEj THE UNUSED POSITION IN KX 

MATCHES ROAINST "O". > 

HMNCE AT MOST ONE CLRSS OF CONDITIONS MAV BE TESTED IN A T~STEP. HOWEVER.. 
}T IS POSSIBLE TO TAKE ACTION UPON COMBINATIONS OF CONDITIONS WITHIN R CLRSS; 
rOR EXAMPLE.. R USEFUL TEST INVOLVES SPECIFVING BOTH THE S AND R BITS IN KT. 
•fHUS TESTING FOR R FULL iS-BIT OR 16-BIT ARITHMETIC RESULT. 
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'■:'. 7. 2 TESTS 

THE EXECUTION OF RN RCTION <SKIP OR GRTE NS> RS THE RESULT OF R TEST IS 
(UNSIDERED fl TRfilL IKQ-EDGE EVENT. HOWEVER. THE TIHING OF CONDITIDNRL fiCTION 
}•-> bUCH THAT RLL T-STEPS CONTfilNINQ R CONDITIDNRL SKIP OR GRTE N^ MU--T BE 
5..TkETl.:HED. IN RDDITION, THE TEST CONDITION MUST BE STRBLE RT THE TlilE THE 
7EbT IS MRDE. THIS IS RSSURED BV THE RULES BELOW. 

THE LOCRL TEST CONDITIONS RRE STRBLE RT THE TIME THE OUTPUT OF THE SHIFTER OR 
fVLLl li. STRBLE FOR GATING INTO LOCRL STORE. THESE TIMES RRE COVERED IN SECTION 
1'. 6, .<. COHDITIONRL RCTION BASED ON THE LOCRL TEST CONDITIONS MRV OCCUr'iN THE 
t--STEP II1HEDIRTELV FOLLDNIHQ THE ONE IN WHICH THE TRRIL I NG-EDGE FUNCTION-^; RRE 
VRLID. RLTERNRTIVELV. CONDITIONRL RCTION IS VRLID IN fl STRETCHED T-STEp'wHFN 
(HE GRTE FUNCTIONS WOULD HRVE BEEN VALID IN THE SAME UNSTRETCHED T-STEP. 

THE GLOBAL TEST CONDITIONS RRE THE SIK BITS OF FIST. THIS REGISTER CRN BE 
LORDED WITH RN ORDINRRV SIX-BIT TRRNSFER OPERRTION.. OR fiS FOLLOWS: 

IF THE "RLU STRTUSENRBLE" BIT IS ON IN THE fl,CTIVE K-VECTOR.. THEN WHEN 

H-> THE LOCRL CONDITIONS S.. R, RND RRE LORDED INTO THER COUNTFRPRRTS 

IN FIST <TRRILIHG-EDGE>. 
B.> THE "C" BIT IN FIST IS LORDED fiS FOLLOWS <TRRILI NG-EDGE> • 

i. IF R NRNOPRIMXTIVE IS SIMULTRNEOUSLV EXECUTED TO LORD COH. THE VflLUF 

LORDED INTO COH IS RLSO LORDED INTO FIST-C. - 
2. IF NO SUCH OPERRTION IS SIMULTRNEOUSLV COMMANDED.. FIST-C IS LORDED 
FROM THE CURRENT VALUE OF COH (THE CURRENT LOCRL CfiRRV CONDITION). 

IF THE "SH STRTUS ENABLE" BIT IS ON IN THE RCTIVE K-VECTOR. THF TWO LOCRL 
CONDITIONS SHB RND SLB RRE LORDED INTO THE TWO CORRESPONDING BITS OF FIST 
WHEN GRTE SH IS EXECUTED < TRRIL ING-EDGE,\ t ■„ .h m_i 

CONDITIONRL RCTION BASED ON THE GLOBRL TEST CONDITIONS I <; VRLID IN THE T-STEP 
IMMEDIRTELV FOLLOWING R T-STEP IN WHICH THE STRTE OF FIST IS CHANGED. 

THE SPECIAL CONDITIONS MS BUSV RND MS DRTR INVALID ARE SVNCRONIZED PV THE 
MACHINE CLOCK. THUS THEV MRV BE TESTED IN ANV STRETCHED T-STEP SECTION S 4 ■•< 
COVERS MAIN STORE TIMING. ~ -■-.^li^.ix ^.^. .s 

•fHE SPtCIRL CONDITION F NOT ZERO REFLECTS THE STRTE OF THE F REGISTER SPECIFIED 

1:;V FbELl RT THE LERDING EDGE OF THE TESTING T-STEP THE SPECIRL CONDITION 

k INDtX NOT ZERO REFLECTS THE RESULT OF THE LAST INDEX ALU OPERRTION PRIOR TO 
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7 HE LERDING EDGE OF THE TESTING T-STEP. THE SPECIRL CONDITION PROGRAM CHECK 
Ict-FLECTS THE CLlRREf^iT COMBINED STRTE OF ALL THE PROGRRM CHECK CONDITIONS IN 
rXTl-RNRL STORE REGISTERS 29 RND 21. <SEE SECTION 4.5.2.2). 

K'OTE: UNCONDITIONRL SKIP, GATE NS ARE SIMPLE TRRILING-ED6E OPERATIONS. THEV DO 
HOT REQUIRE THRT THE T-STEP BE STRETCHED. 
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':■>. 8 tllSCELLBNEOUS FUNCTIONS 
•o. 8. i GENERRTE INTERRUPT 

IN ORDER TO FfiCILITRTE USING THE EXTERNRL INTERRUPT STRUCTURE FROM WITHIN R 
HRNOPROGRRM, THE GEHERRTE INTERRUPT COMriRND IS PROVIDED. THI«^ COHMRND RLLONS 
■|HE NRHOPROGRRMMER TO GEHERRTE OR CLERR RHV INTERRUPT INTERNRLLV. 

THE VRLUE OF G<GSPEC> IN T-PERIOD 1 SELECTS THE INTERRUPT LEVEL TO BE 
I.RTCHED OR UNLATCHED WHEN THE GEHERRTE INTERRUPT K-BIT IS SET <^.EE SECTION 
■1. 5. 2. 4>. 



K'HEH THE HIGH-ORDER BIT OF G<GSPEC> IS 1, THE LOW-ORDER FIVE BITS OF G<G<^PEC> 
SELECT THE INTERRUPT LEVEL <2-3i> TO BE CLEARED (VRLUES 6 RND 1 SPECIFV NO 



c 
RCTIOH). 



i^HEN THE HIGH-ORDER BIT OF G<GSPEC) IS 0, THE LOW-ORDER FIVE BITS OF G<G^PEC) 
<;.ELECT THE INTERRUPT LEVEL <2-3i> ON WHICH TO GENERRTE RN INTERRUPT <VRLUES 
(•1 RHD 1 SPECIFV NO fiCTION). 
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•fHE RUXILIRRV ACTION NfiNOPRIMI TI VE USES THE VALUE FOUND IN F REGISTER FACT TO 
COHilRND SPECIAL QH-l CONTROL FUNCTIONS. IN GENERAL.. THESE AUXILIARY COMMANDS 
I'JILL ENABLE OR DISABLE VARIOUS INTERRUPT AND CONTROL FACILITIES. THE FORMAT Ot- 
•!HE S IK-BIT CONTROL FIELD IS AS FOLLOWS: 



FACT /BIT5 BIT4 BITS BIT2 BITl BITQ/ 



CURRENTLY DEFINED AUXILIARY ACTION COMMANDS ARE: 

COHHRHD < OCTAL? FUNCTION 

SO NO OPERfl-TION. CALL UNDEFINED COMMANDS ARE ALSO TREATED 

AS NO OPERATIONS. ) 

77 DISABLE INTERRUPT LEVELS 2-31. OVERRIDES THE ALLON 

INTERRUPT BITS IN THE ACTIVE.. AND ALL SUBSEQUENT, K- 
VECTORS. UNTIL RESCINDED BY THE ENABLE INTERRUPT COMMAND 
BELOW. 

76 ENABLES INTERRUPTS. RESCINDS THE ACTION OF THE DISABLE 

INTERRUPT COMMAND ABOVE, AND RESTORES THE CONTROL OF 
INTERRUPTS TO THE ALLOW INTERRUPT BITS. 
NOTE: ONLY THOSE INTERRUPT LEVELS MASKED ON" BY THE 
INTERRUPT ENABLE BITS IN EXTERNAL STORE REGISTERS 18 AND 
13 ARE ENABLED. 

BOTH THE 10 INTERRUPT DISABLE AND ENABLE COMMANDS BECOME EFFECTIVE WITHIN 2 
I -PERIODS AFTER EXECUTION OF THE T-STEP CONTAINING THE AUXILIARY ACTION 
NBHOPRIHITIVE. IF THE NANOWORD CONTAINING THIS COMMAND ALLOWS INTERRUPTS, IT 
MUST NOT EXECUTE A READ NS USING OTHER THAN THE PRIORITY BRANCH ADDRESS DURING 
•(HhSE 2 T-PERIODS. THE RESULT OF A PREMATURE READ NS IS UNDEFINED. 
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Iv. 8. 3 MISCELLANEOUS CONTROL FUNCTIONS 

THE FOLLOWING EXTERNAL CONTROL BUTTONS fiND SWITCHES flPPLV TO THE QM-l CPU ; 

KfiSTER CLERR - PUSH BUTTON FOR SETTING THE INITIAL CONDITIONS FOR MACHINE 

STRRT~UP. 

«;TRRT - PUSH BUTTON FOR INITIATING CPU OPERATION 

5;iNGLE/RUN/D0UBLE - A THREE POSITION SWITCH WHICH SELECTS EITHER R SINGLE 

T-STEP. DOUBLE T-STEP, OR CONTINUOUS OPERATION MODE WHEN THE 

START BUTTON IS DEPRESSED. 

KICRO-STEP - A TWO POSITION Sis'ITCH THAT CAUSES CONTINUOUS OPERATION TO BE 

STOPPED FOLLOWING EACH EXECUTION OF THE LOAD RKi COMMAND. 
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•',. 9 REFERENCE LRVOUT RND MRPS 

Ix 9. .1 CPU REGISTER BSSIGNMENT RND LRVOUT 



l.OCRL STORE 



EXTERNRL STORE 



F STORE 



V, I R 



R8 
Ri 
R2 
RS 

R5 



R8 

R9 

Ri0 

Rii 

R12 

R15 

Ri 4 

Ri^. 

R16 

Ri? 

Riy 

Ri9 

R2ei 

R21 

R22 

R23 

R24 

R25 

R2G 

R2? 

R28 

R29 

r:<o 



11 PC REG- 
HP C REG 
HPC REG 
HPC REG 



' C " . " fl " .. " B " 



E0 

El 

E2 

E3 

E4 

E5 

E6 

E7 

E8 

E9 

Ei6 

Ell 

Ei2 

E13 

E14 

E15 

EiS 

El? 

Eie 

E13 
E28 
E21 
E22 
E23 
E24 
E25 
E2e 

£28 
E29 
E2& 
E31 



PORT 

PORT 

PORT 

PORT 

PORT 

PORT 

PORT 

PORT 

INDEX 

IHDEX 

INDEX 

INDEX 

INDEX 

INDEX 

INDEX' 

INDEX 

INDEX 

INDEX 

INDEX 

INDEX 





1 
2 

3 

4 
5 
6 
7 
S, 

10. 
11. 



MS BASE RDR. 

MS FIELD LENGTH 

INTERRUPT ENfl. 



INTERRUPT PEND. 
FLRGS 
INT RDR <2-4> 
<5-7> 
<8-10> 
<ll-i3> 
<14-16) 
<17-19) 
<20-22> 
<23-25) 
<26-2e> 
<29-3i) 



FS 

Fl 

F2 

F3 

F4 

F5 

FG 

F7 

F8 

FS 

F10 

Fll 

F12 

Fi3 

Fi4 

F15 

F16 

Fl? 

Fie 

F2GI 
F21 



F24 
F25 
F26 
F27 
F28 
F29 
FSi3 
F31 



FMIX 

FMOD 

FCIR 

FAIL 

FCID 

FAIR 

FCOD 

FROD 

FSID 

FSOD 

FEID 

FEOD 

FEIR 

FEOR 

FRCT 

FLIV 

FMPC 

FIDX 

FIST 

PIPH 

GO 

Gl 

G2 

G3 

G4 

G5 

G6 

G7 

G8 

G9 

G10 

Gil 



(HE INDICATOR LRMP LRVOUT FOR RLL CPU REGISTERS IS SHOW IN FIGURE 5. 9. IR. 
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Ci 8 


e 


B 


e 1 1 


.1 


1 


1 


2 




2 


2 


2 


3 


C-i 2 


4 


b 


8 G 2 
B I T S 


4 



S 


8 

5 


Q 


^y 


*^ 


6 


e 


9 


i< r< 


R 


R 


R R R 


R 


R 


R 


R 


R 


R 


R 


R 


R 


(1 8 


(-.1 


£-> 


6 i 1 


i 


1 


i 


2 


2 


2 


2 


2 


2 


ri :s 


5 


7 


3 1 3: 


5 


? 


Si 




3 


5 


? 


9 


i 



EXTERNfiL STORE 



E REGISTERS 

24/25/26/27 
i7<-BITS-:>0 



E REGISTERS 
28/29/:<8/:<:t 
17<-BITS~>B 



I CPU INDICATOR 
I LRHP LAVOUT 
I FIGURE 5. 9. IR 





PRGE 6123 




INTERRUPT?;. 


u 


e 1 2 


I 


2 2 2 


I 


.-* ^. 


I 


I I 3 


a 


V V V 




i 2 :? 




1 1 .1 



\< R R R R R R R R R R R R R R R 

(i t? 6 e e i 1 1 1 1 2 2 2 2 2 3 

('. 2 4 6 8 6 2 4 6 8 2 4 6 8 

BITS 6 - 11 

R R R R R R R R R R R R R R R 

B B 8 8 e 1 1 1 



:1 



12 2 2 2 



? 1 3 5 7 9 i 



7 9 



F STORE 
E REGISTF-RS FFFFFFFFFFFFFFFr 



16/17/16/1.9 
17<-BITS->B 

R E REGISTERS 



6 e © 8 6 i 1 1 1 1 2 2 2 2 2 3 
6246802 468824 6 8 C< 

BITS e - 5 
FFFFFFFFFFFFFFFr 



3 28/21/22/23 606 6111112 22 
1 17<-BITS->8 1357913 57913 5 



9 ^ 



K REGISTERS 



R 


R 


R 


R 


R R 


R 


R 


R R R 


R R 


R R 


R 


E REGISTERS 


CIH 




("■ 





8 





1 


1 


1 


112 


2 2 


2 2 


3 


88/88/18/11 






b 


o 


4 


6 


8 e 


2 


4 


6 8 8 


2 4 


6 8 





l7<-BITS-:>0 














BITS 


i; 


? - 17 














R 


R 


R 


R 


R R 


R 


R 


R R R 


R R 


R R 


R 


E REGISTERS 






Cf 


CI 


8 


8 


e 1 


1 


1 


112 


2 2 


2 2 


2 


20/21/22/23 






:t 


3 


5 


7 


9 1 


3 


5 


7 9 1 


3 5 


7 9 


1 


17<-BITS-:>0 


COH 


















MS 


K 


N 


N 


E REGISTERS 


R 


M 
















BUSV 


N 
R 


P 

C 


s 

R 


00/01/02/83 
17<-BITS->0 


U 
X 


I 

S 

c 
















MS 


E 


R 


D 


E REGISTERS 


R 


















DR 


G 


E 
G 


D 
R 


04/85/86/07 
17<-BITS-:>0 


C 
T 


K 



N 



K S 


s 


K 




INT 


C 


R H 


H 


X 




RCK 


s 


C 


fl 










BITS 





- 


5 




R 


K fl 


K 


K 




SKP 


D 


B L 


S 


T 






D 


C 










R 



T GENERATOR 
R 00123445 6 Ti 
U 8 6 4 2 8 8 6 4 T2 



< — BITS - 



12 3 
7 5 3 1 



T3 
7i--> T4 

5 6 7 
5 3 1 



S 
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RRGE eii;M 



t=.. 3. 2 NRH05T0RE MRP 

K SEGMENT LflVOUT 

I.WTE 17 16 15 14 12 12 11 18 63 ©8 Q7 86 65 84 63 62 01 60 BITS 



88 
61 
82 



LE/BR/RN/RM/Dfl/Hl/flS/SS/ 
St1/GI/fiL/**/**/H2/ KR 

KSHC / KRLC 

KS / KX 



KN 



/ 
/ 
/ 



KB 

KSHR 

KT 



I 17-60 
•I 

1 35-18 
I 

I 53-36 
I 
I 71-54 



1. E LEGRL MICRO ENTRV 

SM SUPERVISOR 

i;iR BRRNCH 

I-IL RLTERHRTE 



HI ,HOLD RS 

H2 HOLD 2 SS 

RM RLLOW MICRO INTERRUPT GI 

RN ALLOW NRNO INTERRUPT Dfl 



ALU STATUS ENABLE 
SH STATUS ENABLE 
GENERATE INTERRUPT 
DIRECT MS ACCESS 



•f SEGMENT LRVOUT 

T:l T2 T3 T4 17 16 15 14 12 12 11 16 69 68 67 Q^ 65 64 63 62 61 66 BITS 

FSEL6 



0^4 08 12 16 IMG/MR/GM/ RMI /RN/WH/IM/I8/ AUX0 /09/ 

J 

IXI/RI/LE/GE/*H:/GU/31/GS/Ii/ AUXl /Ol/ 
I 



Wo 89 IS 1^ 



(■16 16 14 18 ICRRR CTL/TEST SPC/TR/GA/I2/ RUK2 /02/ 

J 

C-i? 11 15 19 IRC/WC/GC/'CS R SEL/LNPC /ST/ RUK3 /RR/IN/ 



I 1.7-06 
1 ■■•*• 

FSELi I 35-18 
1 

I 53-36 

I 

I 71-54 



FSEL2 

GSPEC 



H G - 


MSGO 


RC 


- READ CS 


LE 


- 


LORD ES 


CRRR CTL - 


MR - 


MSRS 


WC 


- WRITE CS 


GE 


- 


GRTE ES 


TEST SPEC- 


GM - 


GRTE MS 


QC 


~ GRTE CS 


GS 


- 


GRTE SH 


CS A SEL - 


\>m- 


V.m SELECT 


IH 


- INC MFC 


Gfl 


- 


GATE ALU 


LNPC - 


RK - 


READ NS 


XI 


- XIO 


31 


- 


LORD R3i 


GU - GATE 


NN - 


WRITE NS 


RI 


- RIO 


TR 


- 


TEST ACTION 


18. U, 12 


5;t ~ 


STRETCH 


IN 


- INDEX 


RR 


- 


flUX ACTION 


00. 01. 02 



CARRV CTL 
TEST SPECIFIER 
CS RDDR SELECT 
LOAD NPC 
NS NCONDITIONLLV 

- INe. INI, IN2 

- OUTe.. OUTi. 0UT2 
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(: NRHDPROGRRrifllNG LRHQURGE SPECIFICATION 

!■.. i GENERRL 

KRNOPROGRRflHiNG IS THE PROCESS OF DEFINING QM-1 HRRDWRRE CONTROL SEQUENCES AND 
JMPLCHENTING THEIR DEFINITIONS BV PROGRRMMING THE CONTENTS OF WORDS IN QM-i 
KRHOSTORE. R NRNOPROGRRH. OR LOGICRLLV COMPLETE CONTROL SEQUENCE.. CRN BE 
)HVOK[£D FROH ONE OF THREE SOURCES: MflCHIHE START. INTERRUPT ENTRV, OR 
MICRDINSTRUCTION ENTRV. SINCE IT IS PLRUSIBLE TO REGRRD illCROINSTRUCT I ON 
CONTROL B5 THE "TVPICfiL" MODE OF QH-1 OPERRTIOH.. MOST NRNOPROGRRMHI WG CRN BE 
CONSIDERED TO BE THE PROCESS OF DEFINING HICROINSTRUCTIONS RND IMPLEHENTING 
•(HEIR DEFINITIONS BV PROGRRMMING THE flPPROPRIRTE NRNOPRI MITI VES IN SEQUENCES 
(IF NRNDSTORE WORDS. SUCH R SEQUENCE OF NRNOWORDS IS CALLED THE "NRNOPROGRRM" 
C ORRl-SPOHDING TO THE DEFINED "MICROINSTRUCTION". 

WHILE NRNOPROGRRMMIHQ IS THE MOST ELEMENTflRV LEVEL OF PROGRRMMING POSSIBLE IN 
•iHE QM-.1 RND HAS MRNV UNIQUE CHRRRCTERISTICS DEPENDENT ON QM-i HARDWARE.. IT 
HRS MUCH IN COMMON WITH ANV TVPE OF PROGRRMHING. IN PARTICULAR. IT SHARES THE 
HtZb FDR fi SYMBOLIC LRNGURGE TO RELIEVE THE PROGRRMMER OF HAVING TO REMEMBER 
(Hi-; DETAILS OF RCTURL BIT LOCATIONS RND RBSOLUTE CODES. THIS SECTION DEFINES 
R NRKOPROGRRMMINQ LRNGURGE TO MEET THE NEEDS OF THE NRNOPROGRRMMER, MUCH RS AN 
FiSSEHBLV LANGUAGE MEETS THE NEEDS OF PROGRAMMERS ON A MORE CONVENTIONAL 
C:OMF'llTER. 

r-!!_THDUGH SOME IMPLEMENTATION STANDARDS ARE DESCRIBED.. 1\^'E VNTENT OF THIS 
SECTluH IS TO PRESENT R LANGUAGE SPECIF I'CRT ION ONLV. GE HE RALLY AVdiDING 
ELEMENTS (SUCH RS ASSEMBLER DIRECTIVES) THAT MORE PROPERLV BELO'fiG IN RN 
RSSEMBLER USER-' S MANUAL. 

i.'l:" l^DULD LIKE TO ACKNOWLEDGE THE EFFORTS OF 'D'R. BOB NASH, l^j THE 
l.v.'-T'flRTMENT OF COMPUTER SCIENCE:. STATE UNiVERSITV OF NEW VORK RT 'BUFF'Rlb. 
THE I^ANO-ASSEMELER IS BASED ON HIS DEFINITION OF THE "I^ANOCODE 'SVMBOLi'C 
ASSEMBLER".. DEVELOPED AT THE UNIVERSITV. 

1 NOTES RPPERRING WlTHlN THIS CHAPTER:- ENCLOSED IN BRACKETS. DENOTE t'EMPb'RA'RY 
RESTRICTIONS OR FEATURES FOUND ONLY IN THE 'BASIC NRNO- ASSEMBLER (VERSION i. 
LEVEL 2>. 3 
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6. 2 ELEI1ENTS 

(... 2. 1 SOURCE STRTEMENTS 

5.;0URCE STRTEMENTS CONSIST, OF SINGLE RECORDS THRT ARE EITHER; 

R> COMHENT STRTE11EHT5 

B> LRBEL STRTEflEHTS 

C> COHMRND STRTEilENTS 

D) CONTROL STRTEMENTS (BRIEFLV DISCUSSED IN THIS DOCUMENT) 

liRCH TVPE OF STRTEMENT IS COMPLETE ON R SINGLE RECORD. THERE IS ND PROVISION 

rOR COHTIHUBTION OF R STRTEMENT. 

j;.ETS OF COMHRND STRTEMENTS RCTURLLV DEFINE NRNOWORDS. THESE SETS RRE PRECEDED 
i;;V R LRBEL STRTEMENT TO LOCRTE RND NAME THE NRNOWORD SO DEFINED. 

COMMENT STATEMENTS RRE USED ONLV TO ANNOTATE THE LISTING AND ARE OTHERWISE 
3GH0RED. CONTROL STATEMENTS PROVIDE INFORMATION RND DIRECTION FOR THE 
PROCESSOR THRT TRRNSLRTES THE NRNOPROGRAMS INTO ABSOLUTE BIT STRINGS IN A FORM 
SUITABLE FOR LOADING AND EXECUTION CN THE QM-i. 

(••ILL STATEMENTS.. EXCLUDING COMMENTS, MAV BE SUBDIVIDED INTO FIELDS. RNV NUMBER 
OF FIELDS HAV OCCUR ON LABEL. COMMAND. RND CONTROL STRTEMENTS; RS WRRRANTED BV 
■IHEIR IMMEDIATE RFPLI CRT IONS. FIELDS ARE SEPflRRTED BV FIELD DELIMITERS.. RS 
DESCRIBED BELOW <6. 2. 4. 1). 

liRCH TVPE OF STRTEMENT WILL BE DEFINED IN MORE DETRIL IN SUBSEQUENT SECTIONS. 

6. 2. 2 CHRRRCTER SET 

•(HE CHRRRCTER SET AVAILABLE FOR WRITING NRNOPROGRAMS IS R SUBSET 
OF BOTH ASCII AND THE IBM 829 KEVPUNCH. IT INCLUDES THE FOLLOWING 

C:HflRRC"lER'5 : 



R, 


B. .... 


2 


UPPER CRSE ALPHABET 


6. 


1, .... 


9 


DECIMAL DIGITS 




II II 




BLRNK 
PERIOD 




. 




COMMA 
COLON 




= 




EQUAL 
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> 


GREBTER-THRN-SIGN 


■h 


PLUS 


- 


tllHUS 


/ 


SL.RSH 


* 


STftR 


II 


QUOTRTION ilRRK 



IHIS CHRRRCTER SET WILL BE EKPRNDED RS THE NEED FOR RDDITIDNRL SPFCIRL 
CMRRRCTERS RRISES. 

(■■. 2. 2 SVHEiOLIC NRMES 

SYMBOLIC NRMES RRE STRINGS OF LETTERS. DIGITS, PERIODS.. RKD SINGLE 
(iCCURRENCES OF THE BLRNK CHRRflCTER PRECEDED BV RNV NON-BLRNK CHRRRCTER. 
R SVMBOLIC NRME MflV BEGIN WITH R LETTER OR PERIOD. LERDING BLRNKS RRE 
IGHDRED. THESE STRINGS HRV BE OF RNV LENGTH. BUT ONLY THE FIRST 18 
CHRRRCTERS RRE USED FOR RECOGNITION OF SVMBOLIC NflflES. IF THE 18-TH 
CHRRRCTER OF fi NRME IS fl BLRHK IT IS RLSO IGNORED. 

£■■.. 2. 4 DELIMITERS 

i;-.. 2. -1. 1 FIELD DELIMITERS 

LRDRL.. COMHRND,. RND CONTROL STATEMENTS MRV, OPTIONRLLV, BE DIVIDED INTO 
l-IELDS. TWO FIELD DELIHJTERS RRE DEFINED. THE COMMR <.. > IS MOST FREQUENTLV 
U;-.U::D TO SEPRRRTE FIELDS, RND IS TREATED AS fi FIELD DELIMITER ON ALL STATEMENT 
TVPF:S. it IS IGNORED WITHIN COMMENT FIELDS <S. 2. 5. 2) AND ON COMMENT 
STATEMENTS. THE BLANK C > MAV ALSO BE USED RS A FIELD DELIMITER, BUT ONLV 
KHEH TWO OR MORE BLANKS IMMEDIATELV FOLLOW A LEGAL SVMBOLIC NAME.! AND WHERE 
•IHE: FOLLOWING FIELD BEGINS WITH ft SVMBOLIC NAME. THE REASONS FOR THIS 
ALTERNATE DELIMITER RRE DISCUSSED BELOW, IN THE SECTION ON PSEUDO COMMANDS 
<6. :<:. 2. 1>. 

(. VERSION 1, LEVEL 2 RESTRICTION.! RNV OCURRENCE OF TWO OR MORE BLANKS 
FOLLOWING A SVMBOLIC NAME WILL BE TREATED AS A FIELD DELIMITER, 
REGARDLESS OF THE FIRST COMPONENT OF THE FOLLOWING FIELD, 3 
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<:. 2. 4. 2 SVHeOLIC NRNE DELIMITERS <DPERRTORS) 

SVdPOLIC HBhES MfiV BE DELIHITED BV EITHER FIELD DELIMITERS CS. 2. 4. 1> OR 
(iPERRTORS, THE BftSIC RRITHHETIC OPERftTORS + O-IDDIT ION) .. - <SUBTRRCT ION.) , 
•-:• CI1ULTIPLICRTI0N), / (DIVISION), RND = CRSSIGNMENT) RRE RECOGNIZED ONLV 
WITHIN COMMFlHD OR CONTROL FIELDS WHERE ARITHMETIC EXPRESSIONS RRE LEGAL. 
VHE RDDITIGNRL OPERRTOR IS DEFINED, RND CONSISTS OF THE CHBRBCTER PRIR 
"••>" (TRRNSHIT). THIS OPERRTOR HRV BE USED ONLV WHERE DRTR TRRNSFER 
COHHRNDS RRE LEGRL. FIHRLLV, THE aUOTRTION MRRK ( " ) HRV FOLLOH R SVMBOLIC 
KRHE RCTIHG RS BOTH R COMMENT FIELD DELIMITER CSEE 6. 2. 5. 2 BELOW) RND R 
SVMEtOLIC NRME DELIMITER, 

(:. 2. 5 COMMENTS 

(:. 2. 5. i COMMENT STRTEMENTS 

f;NV STRTEHENT THAT HRS * IN COLUMN ONE OF THE STATEMENT WILL BE TREATED 
RS R COMMENT STATEMENT. IT WILL BE PRINTED ON THE SOURCE LISTING BUT 
WILL HRS.'E NO OTHER EFFECT ON THE TRANSLATION. 

6. 2. 5. 2 COMMENT FIELDS 

COMMENTS MAY BE INCLUDED WITHIN FIELDS ON LRBEL, COMMAND, RND CONTROL 
STRTEMENTS BV SIMPLV ENCLOSING THE COMMENT BETWEEN R PRIR OF QUOTATION 
MARKS <"). COMMENT FIELDS MfiV BE PLACED BEFORE OR RFTER SVMBOLIC NAMES. 
R COMMENT FIELD THAT IS IN EFFECT IS TERMINRTED UPON ENCOUNTERING THE END 
OF R STATEMENT. fi NEW COMMENT FIELD MUST BE DECLARED ON THE NEXT STATE- 
MENT, IN ORDER TO CONTINUE THRT COMMENT. 

6. 2. 6 BLANKS 

ASIDE FROM THEIR USE IN SVMBOLIC NAMES <6. 2. 3) AND RS FIELD DELIMITERS 
<€: 2. 4. i) STRINGS OF ELRNKS RRE IGNORED. 
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6. :< NRNOWORD DEFINITION 

(-. :<. 1 LABEL STRTEMENT 

f-: LRBEL STRTEMENT IS DEFINED RS R STRTEMENT THRT CONTRINS EITHER R SVMBOLIC 
OR HULL LRBEL DECLRRRTION. 

f-; SVHBOLIC LABEL IS INDICATED BY fl FIELD CONTRININQ fl SYMBOLIC NRME FOLLOWED 
i::V R COLON. 

fl NULL LRBEL CONSISTS OF R FIELD CONTRINING ONLY fl COLON. WITH NO PRECEDING 

C:Hr-iRRCTERS. 

(HE COLON TERMINATES THE LRBEL FIELD. BUT NOT THE LRBEL STRTEMENT. RDDITIONRL 
FIELDS CONTRININC PSEUDO COMMANDS <SEE SECTION 6. 3. 2. 1> MRV BE INCLUDED ON 
•|HE STRTEMENT. 

(■] SVHBOLIC LRBEL IS USED SPECIFICRLLV TO PRSS THE SYMBOLIC NRME. RND 
CORRE.SPONDING NANOSTORE LOCATION. OF R MI CRO- INSTRUCTION TO THE MICRO- 
l-lSSEMBLER (DESCRIBED IN ANOTHER DOCUMENT); FOR USE flS RN flCTURL OPERATION CODE. 

! IN VERSION i. LEVEL 2, THIS LABEL CANNOT BE USED FOR REFERENCE BY ANY OTHER 
NANDWORD.i INSTEAD R VARIABLE SYMBOL NAME MRV BE EQUIVRLENCED TO THE SAME 
HRNOSTDRE LOCATION (SEE EXAMPLE BELON). 3 

•MIE OCCURRENCE OF A LRBEL FIELD INDICATES THE END OF THE ' PRECEDING NRNOWORD 
(IF RNV> RND BEGINS R NEW NORD DEFINITION. 

EXAMPLES OF LRBEL STRTEMENTS: 

:1. BEGINNING OF RN RDD INSTRUCTION. 

RDD: "MICRO INSTRUCTION FORMRT ATTRIBUTES GO HERE" 

:■>. COMPLEX OPERATION CODE NRME RND ATTRIBUTES. 

DECODE X. R: MICRO = ABSOLUTE + RB RELRTIVE + WORD 2 
("MICRO" IS EXPLfilNED IN SECTION 6.3.2.1) 

is. VRRIRBLE NRME USED FOR REFERENCE TO THIS NRNONORD; THROUGH 
l(N FIELDS OF OTHER NRNOWORDS. THE SPECIAL SVMBOLIC NRME 
"N. " IS USED TO ACCESS THE CURRENT NANONORD ADDRESS 
(SEE SECTION 6. :<. 2. 1>. 
RDD: RDD, OPR = N. . MICRO = R B ABSOLUTE. 
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I VERSION i.. LEVEL 2, ilRV USE ONLV THE METHOD IN EXAMPLE 2 TO 
REFERENCE OTHER NRNOHORDS. 3 

6. S. 2 COMHRND STATEMENTS 

COMMRND STRTEMENTS SERVE TO RCTUftLLV DEFINE THE NRNOPRIMITI VES DESIRED IN fl 
KRNOHORD.. RNO TO SHOW IN WHICH T-VECTOR THEV SHOULD flPPERR. EfiCH STRTEMENT 
CONSISTS OF ONE OR MORE COMHRND FIELDS, WHICH RRE ORDER INDEPENDENT NITHIN 
1;rCH T-VECTOR C not so in version 1. LEVEL 2; SEE SECTION 6.3.2.4 3. 

■(HERE RRE THREE CLASSES OF COMMANDS: PSEUDO COMMAND OPERATORS.- NANOPRIMIT I VE 
COHHHNDS.. RHD 6 BIT DRTR TRANSFER COMHRNDS. PSEUDO COMMAND OPERATORS ARE 
USED TO DECLARE fiSSEMBLV TIME FUNCTIONS AND ATTRIBUTES. REFECTING THE NRNONORD 
CURRENTLV BEING ASSEMBLED. NRNOPRIMITIVE COMMANDS EACH DEFINE VALUES -FOR UP 
■fO TNO K--VECTCR OR T-VECTOR FIELDS. THESE COMMANDS EXPLICITLY IDENTIFY 
NflNOWORD FIELDS TO BE INCLUDED IN THE GENERATED NAN0PR06RAM. BINARY OUTPUT 
I-ILE. THE 6 BIT DATA TRANSFER COMMANDS ARE EFFECTIVELY MACROSCOPIC NRNO- 
PRIMITIVE COMMANDS.. AND DEFINE NAHOWORD FIELDS AFFECTING TRANSFERS PETk'EEN 
(: BIT flUX FIELDS AND F REGISTERS. A SINGLE TRANSFER COMMAND MAY IMPLICITLY 
Dfc-FIHE UP TO 5 NANONORD FIELDS. ALL THREE COMMAND CLASSES ARE DISCUSSED IN 
MORE DETAIL IN THE FOLLONING SECTIONS. 

(:. 3. 2. 1 PSEUDO COMMAND OPERATORS 



PSEUDO COMMAND OPERATORS ARE REQUIRED TO SPECIFY ASSEMBLY TIME ATTRIBUTES OF 
IHE HAHGHORD CURRENTLY BEING PROCESSED. THESE ATTRIBUTES INCLUDE EXTERNAL 
MICRO--INDTRUCTION FORMAT INDICATORS. FOR USE BY THE MICRO-ASSEMBLER. AND 
.SELECTION OF THE RPPROPRIRTE T- VECTORS TO RECEIVE SPECIFIC NRNOPRIMITIVE 
COMMANDS. THERE ARE THREE TYPES OF PSEUDO COMMANDS SUPPORTED IN THE 
VERSION 1 NRNO-ASSEMBLER: NRNOSTORE LOCATION COUNTER. M ICRO-I NSTRUCT ION 
ATTRIBUTES. AND POSITION DECLARATIONS. 

ALL PSEUDO COMMAND OPERATORS MAY BE DELIMITED BY A COMMA, OR AT LEAST TWO 
BLANK CHARACTERS <AS DESCRIBED IN SECTION 6.2.4.1 ABOVEJ. USE OF BLANKS AS 
•|HE DELIMITER ALLOWS PSEUDO COMMANDS TO TAKE ON THE APPEARANCE OF OPERATORS. 
AS FOUND IN MORE CONVENTIONAL ASSEMBLERS. WHERE BLANKS DENOTE SEPARATION 
BETWEEN OPERATOR AND PARAMETER FIELDS, 
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(^ a N S T R E L C R T i N COUNTER 

•fHE HRNOSTORE LOCRTION COUNTER MRV BE RCCESSED, OR MODIFIED. USING RRITHMETIC 
I-KFR^SSIOHS. THIS CRPfiBILlTV PERMITS THE RSSIGNMENT OF THE CURRENT NRNO- 
! OCHTIOW-CDUKTER TO RNOTHER SVhEOLIC NfiNE. tHIS SYMBOL HRV THEN BE REFERENCED 
•SMROUGH KN FIELDS OF OTHER HRNCWORDS. PERMITTING SVHBOLIC NRNO-BRRNCH 
1M:CLRRRTI0NS. CONTINUBTION NBNOWCRDS.. in THE LRRQER NRNOPROQRflilS.. NEED HOT 
i-RVl- SVMBOLIC LRBELS <RRE NOT KH0I4N TO THE Ml CRO-RSSEME;LER> RND MUST THEREFORE 
i;:E REFERENCED THROUGH THIS RLTERNRTE MERNS. 

SERRCH. 2 = N. "LRBEL STRTEE1EHT WITH NULL LRBEL FIELD" 

3T IS LEGRL TO HODIFV THE NRNO-LOCRTION-COUNTER,- RS R METHOD OF RLTERING THE 
NORMRLLV SEQUENTIRL ORDER OF CODE GENERATION. CRRE HUST BE TRKEN WHEN USING 
THIS METHOD SINCE THE VALUE OF N. MUST BE SET TO ONE LESS THRN THRT OF THE 

NEXT DESIRED NRNOS^IORD LOCRTION. 

"HRKE THE RDD INSTRUCTION fllCRO-OPERRT ION CODE 40" N. = >ie-i 
RDD: RDD LOC = N. "ADD LOC = LOCRTION OF RDD" 

[ THE BRSIC VERSION i fiSSEMBLERS HAVE CERTRIN PREDEFINED VRRIRBLE SVHBOL 
NAMES.. TO SIMPLIFV DECLRRRTION OF FUNCTIONRL UNIT RCTIONS <SUCH RS ADD.. 
SUB.. OVERFLOW.. RESULT, ETC, >. THE TEMPORRRV DIFFERENTIATION BETWEEN • -- - 
SVHBOLIC LRBELS RND SVMBOLIC NAMES PERMITS USE OF RLTERNRTE NRNOWORD 
REFERENCE NAMES.. WHERE THE PREDEFINED SVMBOLIC NAME VALUE MUST BE RETAINED. :i 

MICRO-INSTRUCTION ATTRIBUTE DECLRRATIONS 

ONLV A LIMITED SET OF M ICRO- I NSTRUCTI ON FORMATS ARE PREDEFINED WITHIN THE 
VERSION .1 MICRO-ASSEMBLER. SELECTION OF THE FORMAT TO BE USED BV THRT 
ASSEMBLER.. WHEN ENCOUNTERING SPECIFIC MICRO- 1 NSTRUCT I ON OPERATION CODES.. IS 
PROVIDED BV THE "MICRO" PSEUDO COMMRND AT NANO-ASSEMBLV TIME. SELECTIONS MRV, 
(!PTI0NRLLV.. BE MADE DURING Ml CRO-RSSEMBL lES. 

VERSION .1 FORMAT SELECTION IS PROVIDED BV A FORMAT INDEX NUMBER.. PASSED 
PETWFEH THE TWO RSSEMBLERS. THE ACTUAL FORMAT DECLARATION SHOULD BE MADE ON 
•(HE LRBEL STRTEMENT.. FOLLOWING THE SVMBOLIC LABEL FIELD. THE "MICRO" PSEUDO 
(:OMHHHD RPPERRS RS FOLLOWS; 

MICRO = <EXFRESSION> 
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i-^i-IERE <EKPRESSION> HRV BE fiNV LEGRL RRITHMETIC EXPRESSION CflS DISCUSSED IN 
^;.;;;CTION 6. 2. 2. 2>. THE LIST BELOW DESCRIBES SOME OF THE FORflflTS SUPPORTED BV 
■M-:E version l rilCRO-fsSSEnBLER, 9. ZERO VRLUED NICRO DECLfiRRTION COR NO 
DECLflRRTIOlO CfiUSES THE i1 ICRD-fiSSEtlBLER TO SELECT B DEFfiULT FORHRT. 

MICRO VRLUE FORMRT RTTRIBUTES 
c (;: T R L ) - - 

288 "OP n,H" 18 BIT. WITH RBSOLUTE <*> INSTRUCTION PRRRI1ETERS. 

f1 IS THE 5 BIT R FIELD.. N IS THE G BIT B FIELD. 
281 "OP ri. N" 18 BIT.. WITH PRRRflETER M RS R 5 BIT RBSOLUTE R 

FIELD. N IS THE & BIT B FIELD, WITH fi til CRO-LOCRT I OH- 

COUNTER RELRTIVE VRLUE. 
20? "OP MN" 18 BIT.. WITH PRRRMETER MN REPRESENTING RN 11 BIT.. 

HICRO-LOCRTIOH-CQUHTER RELATIVE VRLUE. 
:<6Gi "OP M.. v.. K" 36 BIT. WITH M REPRESENTING THE 5 BIT R FIELD 

<RBSOLUTE.>. V REPRESENTS THE 18 BIT SIGNED VALUE OF THE 

SECOND WORD OF THE INSTRUCTION.. H IS THE 6 BIT E FIELD 

(ABSOLUTE). 
:0;S "OP MN.. V" 36 BIT. J«JITH MN REPRESENTING RN 11 BIT RBSOLUTE 

VALUE CRB FIELD). V REPRESENTS THE IS BIT SIGNED VRLUE 

OF THE SECOND WORD. 

>! IN THE ABOVE TRBLE^ LOCATION-COUNTER RELRTIVE VALUES ARE RLL SIGWED.. TWO'S 
COMPLEtlENT, WITH LEFTMOST BIT INDICATING THE SIGN. THE TERM "RBSOLUTE "■.■- 
REFERS TO NON-RELOCRTRBLE RDDRESS EXPRESSIONS.. AS RELOCATABLE EXPRESSIONS 
RRE ILLEGAL WITHIN THOSE PRRAI1ETERS. 

i-OSITION DECLARATION COMMANDS 

•(HE POSITION DECLARATION COMMANDS DETERMINE WHETHER THE COMMANDS THAT FOLLOW 
?.;PECIFV K-VECTOR OR T-VECTOR FIELDS. AND IN THE CASE OF T-VECTOR SPECIFICATIONS 
RLSO SELECT THE T-VECTOR POSITION. A POSITION DECLRRRTION MUST APPEAR PRIOR TO 
RNV T-VECTOR COMMANDS. K-VECTOR COMMANDS MAV APPEAR ANYWHERE FOLLOWING THE 
i. RBEL STATEMENT. ALTHOUGH IT IS RECOMMEND€D THAT THEV BE PLACED FOLLOWING THE 
K-VECTOR POSITION DECLARATION. TO AVOID POSSIBLE PROGRAMMING ERRORS. EACH 
POSITION DECLRRRTION CONSISTS OF A SINGLE SYMBOLIC NAME. WHICH MAY BE TERM- 
)KRTED BV EITHER A COMMA OR MULTIPLE BLANK DELIMITER <SEE SECTION 6.2.4.1. 
i^lELD DELIMITERS). THE ALLOWED FORMS OF THESE DECLARATIONS RRE: 
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X. 



OHLV K COMMRNDS BLLORED 
fiLL T COMMRNDS fiPPLV TO 
RLL T COtlMfiNDS flPPLV TO 
RLL T CariHflNDS RPPLV TO 

RLL T COMHRKDS RPPLV TO 



IN STRTEMEKT. 








T-VECTOR 1 OF 


THE 


CURRENT 


NRNOWORD 


T-VECTOR 2 OF 


THE 


CURRENT 


HRNOWORD 


T-VECTOR 3 OF 


THE 


CURRENT 


NRNOWORD 


T-VECTOR 4 OF 


THE 


CURRENT 


NRNOWORD 



r-;NV STRTEMENTS NOT CONTRINING R POSITION 
POSITION BTTRIBUTES RS THE MOST RECENTLY 



DECLRRRTION 
ENCOUNTERED 



WILL TRKE ON THE SRME 
POSITION DECLRRRTION. 



!"-lBEL STRTEMEHT POSITIONS THE NEW NRNONORD IN ITS K-VECTOR. 



[•■OS IT ION DECLRRRTICNS MfiV RLSO SPECIFV THRT THE T-VECTOR BE STRETCHED. IN THE 
LIST RBOVE.. THE flPPERRENCE OF RN X INDICATES THRT THE STRETCH NRNOPRI HI T I VE IS 
UQl SPECIFIED. IF THE "X" IS REPLRCED WITH AN "£".. THE STRETCH NRNOPRIHITI VE 



I 



:CIFIED TO BE RCTIVE IN THE DECLBRED T-VECTDR. 



I OR THE PROTOTVPE SVSTEK ONLV.. THE LETTER "H" I1RV BE REPLRCED WITH THE LETTER 
"P" SPECIFV INC RN RUTOMRTIC HRRDWRRE STRETCH IS BEING RCTIVRTED BV RNOTHER 
KRNOPRIMITIVE FUNCTION.. RND THEREFORE RN EXPLICIT STRETCH IS REQUIRED ONLV ON 
PRODUCTION MRCHINES. 

. S, . RLL T COMHRNDS RPPLV TO T-VECTOR 2.. AND THE STRETCH NRNOPRI I1ITIVE IS 

SELECTED. 
. . P RLL T COMMRNDS RPPLV TO T-VECTOR 4.. THE STRETCH NRNOPRIMI T I VE WILL NOT 

BE SELECTED ON THE PROTOTVPE QM-i. 



( 



NRNOPRI MIT I VE COMMRNDS 



I HE NRNO-RSSEMBLER PROVIDES COMMRNDS FOR THE SPECIFICATION OF RLL DEFINED 
KRNOPRIMITIVE FIELDS IN QM-i. THESE RRE DIVIDED INTO TWO CLASSES.. 1( COMMRNDS 
COMMRNDS. TO CORRESPOND TO THE K-VECTOR AND T-VECTOR PORTIONS OF R 

NRNOPRI MI TIVE COMMRND SPECIFIES THE VALUE OF ONE.. 
K-VECTOR FIELDS AND T-VECTOR FIELDS RRE 



RND T 
ivRNOWORD 
CR MORE.. 



IN GENERAL.. 
FIELDS IN R K 



EACH 

OR T-VECTDR. 



.SUHHRRIZED IN SECTIONS S. 2. 6 RND 5.3.7. RESPECT I VELV.. OF THIS MANUAL. 



Ull'-l HRRDWRRE LEVEL USER'S flRNURL NflNODRTR CORPORRTION PRGE S1;m 

)H THE VERSION 1 NRNO-RSSEMBLER. R NRNOPRIMITIVE COMMRND MRV RPPERR IN ONE OF 

i-DUR POSSIBLE FORHRTS. THESE RRE .■ 
HRHO^RI MI TI VE HRHE 

NRNOPRIMITIVE NBriE=<PRI MRRV FIELD EXPRESSION> 
NRNOPRIMITIVE NRnE<<SECONDRRV FIELD EXPRESSION>> 
NRNOPRIMITIVE NRME<<SECONDRRV EKPRESSION>)--=<PRIHflRV EXPRESSION> 

iiXPRESSIONS RRE SUPPORTED IN THE VERSION 1 RSSEMBLER BV fl SIMPLE LEFT TO RIGHT, 
fiRITHHETIC EVRLUfiTION. THERE IS HO DEFINED OPERRTOR PRECEDENCE. CRRE MUST BE 
IRKEN IN THE CODING OF EXPRESSIONS. SINCE THE VERSION 2 RSSEMBLERS NILL INTRO-- 
!.H.!CE BASIC MULTIPLICRTION RND DIVISION PRECEDENCE. ALL RESULTS RRE IN TWO'S 
C OHPLEHENT, SIGNED FORMAT. VERSION 1 DOES NOT CHECK FOR FIELD VRLUE OVERFLOW. 

3N tIRHV CRSES NRNOPRIMITIVE FUNCTIONS REQUIRE RT LERST ONE RSSOCIRTED NRNO- 
PRIMITIVE SPECIFICRTIOH, IN ORDER TO COMPLETELV DESCRIBE THE ACTION TO BE 
Pr-RFORMED. FOR .THIS REASON PROVISION IS MADE FOR THE PRIMRRV NRNOPRIMITIVE 
COMHRHD NAME TO SPECIFV BOTH ITS OWN FIELD VRLUE RND.. WHERE NECESSRRV, fi 
rvIvCOHDRRV FIELD VALUE. AH EXAMPLE OF THIS IS: 

RERD CS < CS ADDRESS SELECT > 

WHERE "READ CS" SETS THE VRLUE 1 INTO THE RERD CS FIELD, RND THE VRLUE OF THE 

liXPRESSION IN THE SECOf^DRRV FIELD (PARENTHESIZED) IS PLRCED INTO THF CORRES- 
PONDING CS ADDRESS SELECTION FIELD. 

iWE VERSION i NRNO-ASSEMBLER MRINTRINS R SET OF PREDEFINED VRRIRBLE SVMBOL 
NAMES.. AND VALUES.. WITHIN ITS SYMBOL TABLE <FURTHER DISCUSSED IN SECTION 
6. ;.<. 2, 3>. THESE PREDEFINED SVHEOLS ARE PROVIDED FOR USE WITHIN NRNOPRIMITIVE 
ilXPRESSIONS.. AND PROVIDE THE CORRESPONDING VRLUES FOR MOST FREQUENTLY USED 
SYMBOLIC NAMES <SUCH AS FCOD. G2, B.. MFC ADD, CRRRV.? ETC. >. THE FOLLOWING 
•fRPLPS DESCRIBE THE SUPPORTED NRNOPRIMITIVE COMMRNDS.. IDENTIFY THEIR SECONDRRY 
riELDS.. RND LIST THOSE PREDEFINED SYMBOLIC NRMES RND VRLUES SPECIFICRILV 
PROVIDED FOR REFERENCE USE IN THOSE FIELDS. 

•fHE K- VECTOR NRNOPRIMITIVE COMMRNDS MRY RPPERR FOLLOWING RNV K-VECTOR.. OR T- 

VECTOR. POSITION DECLBRBTION. 
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COHHRHD NfitlE 



FUNCTIONS 



<OPERfiTlNG STRTE CONTROL FIELDS) 



LEGRL HICRO OP 


- SETS 


THE 


RLLOW NRNO INTERRUPT 


- SETS 


THE 


RLLOW HICRO INTERRUPT 


~ SETS 


THE 


RLLON I NTS 


- SETS 


BOT 


DIRECT HS RCCESS 


- SETS 


THE 


HOLD 


- SETS 


THE 


HOLD 2 


- SETS 


THE 


SH STRTUS ENRBLE 


- SETS 


THE 


RLU STRTUS ENRBLE 


- SETS 


THE 


SUPERVISOR 


- SETS 


THE 


QEHERRTE INTERRUPT 


- SETS 
BIT. 


THE 



LEGRL MICRO OP ENTRY BIT. 
ALLOW NRNO INTERRUPT BIT. 
RLLOW MICRO INTERRUPT BIT. 
\ RLLOW INTERRUPT BITS. 
DIRECT MR IN STORE RCCESS BI 
HOLD BIT <KRLC. KSHC KSHfi. 
HOLD 2 BIT <Kfi. KB). 
SHIFTER STRTUS ENRBLE BIT. 
RLU STATUS ENRBLE BIT. 
SUPERVISORY INSTRUCTION BIT 
GENERRTE / CLEAR INTERRUPT 



T. 



KS). 



(NRNO-BRRNCH CONTROL FIELDS) 



KW--=< EXPRESS 1 0N> 
BRRNCH<<EXPRESSION>) 



RLT BRRNCH<<EXPRESSION>) 
PREP BRANCH 



SETS THE KN FIELD TO THE VALUE OF <EXPRESSION>. 
SETS THE NRNOBRRNCH BIT. ALSO RLLOWS THE 
OPTIGNRL SECuWDRRV FIELD SPECIF ICRT ION OF THE 
KN FIELD TO THE VALUE OF ,<EXPRESSI 0N>. 
SETS THE RLtERNRTE BRRNCH CONDITION BIT. ALSO 
RLLONS KN SPECIF ICRTION AS IN BRRNCH ABOVE. 
SETS BOTH THE NRNOBRRNCH BIT < BRRNCH) RND THE 
RLTERNRTE BRRNCH CONDITION BIT <ALT BRRNCH). 



<6 BIT DRTR AND FUNCTION CONTROL FIELDS) 

THE FOLLOWING 8 FIELDS MAV EACH REFER TO RNV OF THE PREDEFINED SYMBOLS 
WHICH RRE SPECIFICALLY ORIENTED TOWRRD ONLY ONE OR TWO OF THOSE FIELDS. 
THIS PERMITS THE PLACEMENT OF VALUES. DESTINED FOR A CONTROL FIELD.. INTO 
TEMPORARY HOLDING. FIELDS FOR DYNAMIC TRANSFER DURING PROGRAM EXECUTION. 



KR--<EXPRESSION.> 
KB=--<EXPRESS 1 0H> 
KRLC=<EXPRESSION."> 
RLU CONTROL 



- SETS KR TO THE VRLUE OF <EXPRESSI0N:>. 

- SETS KB TO THE VRLUE OF <EXPRESS ION>, 

- SETS KRLC TO THE VRLUE OF <EXPRESS I 0N:>. 
REFERENCE SYMBOLS PROVIDED RRE: RDD <11).. SUB <€>.. 



DBL <14).. I NCR LEFT (.17). DECR LEFT <0), PRSS LEFT ':3?>. 
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PfiSS RIGHT <32>. DECIMRL <40). RND <3€.>, OR <3:<), XOR <5i). 
NOT LEFT <20). NOT RIGHT <25), ZERO <34?, ONES <22:>. 
1<SHC==<EXPRESSI0N> - SETS KSHC TO THE VRLUE OF <EXPRESSI OfO. 

SHIFTER CONTROL REFERENCE SVMBOLS PROVIDED RRE : LEFT <&>, RIGHT <X> , 
SINGLE <9>. DOUBLE <2>, CIRCULRR <e), LOGICAL <4>. ARITHMETIC <18), 
RIGHT CTL <28>.. LEFT CTL <40). 
KS=<EKPRESSION> - SETS KS TO THE VALUE OF <EXPRESS I 0N>. 

REFERENCES SBViE AS KT BELOH. 
KT=<EXPRESS10N> - SETS KT TO THE VRLUE OF <EXPRESSION>. 

ARITHMETIC / SHIFT CONDITION <FIST) TEST fIRSK REFERENCE SVMBOLS 
PROVIDED RRE: SLB <i>. OVERFLOW <2>i. RESULT <4>> SIGN C10>. 
CRRRV (26). SHE <48>. 
KX==<EXPRESSION> - SETS KX TO THE VRLUE OF <EKPRESSION>. 

MACHINE STATE TEST CONDITION REFERENCE SVMBOLS RRE: F ZERO <!>.. 
MS DATA C2>, MS BUSV <4>. PROGRAM CHECK (1£0> INDEX ZERO <2ex 



THE T-VECTOR NRNOPRI MI T I VE COMMRNDS MAV flPPERR ONLV AFTER T-VECTOR POSITION 

iiECLARATIONS. 

COMMAND NAME FUNCTIONS 

(NANDSTORE CONTROL COMMRNDS > 

READ NS - SETS RERD NS BIT. 

NRITE NS - SETS WRITE NS BIT. 

THE FOLLOWING 2 COMMRNDS MAV RLL REFERENCE THE SRME TEST CONDITIONS. 

TEST^-<EXPRESSION> - SETS THE TEST SPECIFIER FIELD TO THE VALUE OF 

<EXPRESSION>. 
TEST CONDITION REFERENCE SVMBOLS ARE: S <2>, NOT S <3>. T <4). 
NOT T <5>, X <6>.. NOT X <7>. 

SKIP<<EXPRESSI0N:>) - sets the gate NS /' SKIP "ACTION" BIT TO ZERO. 

IF THE SECONDARY PARAMETER IS PROVIDED.. SETS 
THE TEST SPECIFIER FIELD TO THE VALUE OF 
<EXPRESSION.">. IF NO PARAMETER IS SPECIFIED 
<IE. SKIP.. > fl DEFAULT VALUE OF 1 IS USED 
<UNCONDITIONflL SKIP>. 
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GRTE N5(<EKPRES3IDH>> - SETS THE GRTE NS / SKIP "RCTION" BIT TO 1, 

THE SECOHDfiRV PRRFiHETER IS PROCESSED flS FOR TH!:' 
SKIP NfiNOPRIMITIVE.. ftBOVE. 

ORTE NS UNCONDITIGNRL - SETS THE GRTE NS UNCOND I T lOKRL BIT <OVERRIDES 

THE CONDI TIONRL GRTE HS FUNCTION). 

STRETCH - SETS STRETCH BIT OF THE T-VECTOR. I1RV BE USED 

IN PLRCE OF COR RLONG WITH) THE S TVPE POSITION 
DECLRRRTION. 

LORD NPC<<EXPRESSI0N>) - SETS THE NPC <NRNO PROGRRM COUNTER) CONTROL 

FIELD TO THE VRLUE OF <EXPRESSI0N:>. IF THE 
SECONDRRV FIELD IS NOT SPECIFIED THE VRLUE 1 
CCS) IS USED. 
NPC CONTROL REFERENCE SVMBOLS RRE ; CS (1).. KN C£), SEQ CS). 

CCONTROL STORE fiCCESS COMMRNDS) 

THE FOLLOWING 3 COMMRNDS MflV RLL REFERENCE THE SRME CS RDDRESSING NRMES. 

RERD CS<<EKPRESSiaN>) - SETS THE RERD CS BIT. . THE SECONDRRV FIELD 

SPECIFIES THE CS ADDRESS SELECTION CODE. IF 
NOT SPECIFIED THE VRLUE 6 IS USED <C1R). 
CS RDDRESS SELECTION REFERENCE SVMBOLS RRE: Clfi CQ). COD <1>, 
MPC <2).. SWITCHES <?>. SELECTION OF MFC RELRTIVE RDDRESSES IS 
ACCOMPLISHED THROUGH RRITHMETIC EXPRESSION BV: MPC+1 CO. 
HPC + 2 <4). HPC-i-3 "B" <5). RND MPC + 4 "RB" <G). 
WRITE CSc:<EXPRESSlON>) - SETS THE WRITE CS BIT. THE SECONDRRV FIELD IS 

THE SAME RS IN RERD CS.. RBOVE. 
CS RDDRESS=<EXPRESSION> - SETS THE CS ADDRESS SELECTION FIELD TO THE 

VRLUE OF <EXPRESSION>. SEE RERD CS, RBOVE. 
GRTE CS - SETS THE GRTE CS BIT. 

INC MPC<<EXPRESSI0N:>) - SETS THE INC UPC BIT. SETS THE Q SPEC FIELD 

TO THE VRLUE OF <EXPRESS ION>. IF THE SECONDRRV 
FIELD IS NOt SPECIFIED fi DEFAULT VRLUE 14 
<MPC PLUS 1) IS USED. 
THERE RRE NO .PREDEFINED INC MPC REFERENCE NRMES RT THIS TIME. THE 
FOLLOWING 4 COMMANDS SET BOTH THE INC MPC BIT RND THE PROPER VRLUE 
INTO THE G SPEC FIELD FOR THE DESIRED FUNCTION. 
MPC PLUS 1 - SETS INC MFC RND G SPEC =^ 14. 

HPC PLUS 2 - SETS INC MPC RND G SPEC == 15. 

MPC PLUS B - SETS INC MPC RND SPEC == 16. 

MPC PLUS Rtf: - SETS INC MPC RND G SPEC == 1?. 



Cv'H-.l HRRDWaRE LEVEL USER'S rif=lNURL 



NflNODRTfi CORPORRTIDN 



PftGE 81:^0 



LORD RSI 



- SETS THE LORD R31 BIT. 



<MRIH STORE RCCESS C0t1MBNDS> 



MSGO 

FETCH MS 

M5RS 

WRITE MS 

RERD HS 

RH1==<EXPRESS10N> 

GRTE I1S<<EXPRESSI0H>> 



SETS 


THE MSGO BIT. 


SETS 


THE HSGO BIT. 


SETS 


THE MSRS BIT. 


SETS 


THE MSRS BIT. 


SETS 


BOTH MSGO AND MSRS BITS. 


SETS 


THE RMI FIELD TO THE VftLUE 



OF 

<EXPRESSION>. 

SETS THE GRTE IIS BIT. IF THE SECOHDRRV 
FIELD IS SPECIFIED.. SETS THE RMI FIELD TO 
THE VRLUE OF <EXPRESSI 0N>. 



<rl8 BIT DRTR CONTROL COMMRNDS) 



LORD ES 
GRTE ES 
GRTE SH 
GRTE RLU 

ihdex<<expression;>) 



SETS 

SETS 
SET.S 
SETS 
SETS 
FIELD 



THE 

THE 
THE 
THE 
THE 
IS 



LORD 

GRTE 
GRTE 
GRTE 



ES BIT. 
ES BIT. 
SH BIT. 
RLU BIT 



IHDEK 



INDE 
REG< 



CLERR C 


IH 


SET 


CIH 




RLU 


TO 


BOT 


RLU 


TO 


COH 



index rlu grte 
specified. the 
is plrced into the fsel2 
function selection). 

k alu function reference svhbols rre : sub 

<expressi0n .?>.>-.<expression !> 

- sets the vrlue of the pr 
<expression l.> into the 
register selection) rnd 
secondrrv field <express 
< index register selectio 
both prrrmeters mrv be s 
sets the crrrv control f 
<expression:>. specificr 
crrrv control functions 

i^lITH RNV OF THE ? FOLLOW 
- SETS THE CRRRV CTL FIELD 

_ H n tl ri II 

H CIH RND COH - " " " 



BIT. IF THE 

VRLUE OF <E 

FIELD <FOR 



SECONDRRV 

XPRESSION> 

INDEX RLU 



<e>, ADD <;1.1.). 



CRRRV CTL = <EXPRESSI0N."> 



IMRRV FIELD 




RUXS 


; FIELD " 


aOCRL ST 


THE 


VRLUE OF THE 


ION 


2.-> INTO 


THE RUX:< 


N). 


EITHER 


ONE OR 


FECI F I ED. 




lELC 


' TO THE 


VRLUE OF 


TION 


1 OF THE 


DESIRED 


MRV 


BE RCCOMPLISHED 


ING 


COMMRNDS. 


TO 

11 


THE VALUE 1. 

n II ■•> 


II 
II 


II II 
II II 


3. 
4. 





Pf 


=1GE 6i;i-9 


H 


5. 




M 


6. 




a 


7. 





«M~1 HRRDWRRE LEVEL USER'S MflKUHL NRNODRTR CORPORRTION 

SET COH - " " " " " " » 

CLERR COH _ « M >. .1 II If II 

5H TO COH - " " " " » " II 

C6 BIT DRTR CONTROL COHMRNDS) 

IHO - SETS THE IN9 BIT <fiUX TO F REGISTER). 

OUTB - SETS THE OUTC BIT <F REGISTER TO RUX). 

flU;-^(H<EKPRESSION 2>> = <EXPRESSI0N i> 

- SETS THE RUXS FIELD TO THE VRLUE OF 
<EKPRESSION i>. IF THE SECOHDRRV FIELD IS 
SPECIFIED THE INS FIELD IS SET TO THE VRLUE 
OF <EKPRESSION 2>. THE IN8 FIELD IIRV CONTRIN 
ONLV R OR 1. 

FSELOOCEHPRESSION 2>> = <EKPRE5SI ON i> 

- SETS THE FSEL0 FIELD TO THE VRLUE OF 
<EKPRESSION !>. IF THE SECONDRRV FIELD IS 
SPECIFIED THE OUT0 FIELD IS SET TO THE VRLUE 
OF <EKPRESSION 2>. THE 0UT8 FIELD !1RV CONTRIN 
ONLV R 6 OR i. 

INi - SETS THE INI BIT. 

OUTi - SETS THE OUTl BIT. 

RUX'1(<EXPRESSI0N 2:>> = <ErH;pRESSI0N 1> 

- SETS THE RUXl RND INI FIELDS flS IN RUXCi RBOVE. 
FSELiOCEKPRESSION 2>>~<EXPRESSI0N i> 

- SETS THE FSELl RND OUTl FIELDS RS IN FSELO 
RBOVE, 

F<<EXPRESSION>) - SETS THE FSEL.1 FIELD TO THE VRLUE OF 

< EXPRESS 1 0N>. THIS COMHRND FORMRT IS PROVIDED 
FOR SPECIFICRTION OF THE F REGISTER TO BE 
TESTED UNDER THE CONDITIONRL GRTE NS / SKIP ON 
"F 2ER0" <KX TEST CONDITION). 

IH2 - SETS THE IN2 BIT. 

0UT2 - SETS THE 0UT2 BIT. 

RUX2<<EXPRESSI0N 2>) = <EXPRESS I ON 1> 

- SETS THE fiUK2 RND IN2 FIELDS RS IN RUXC-i RBOVE. 
FSEL2<<EXPRESSI0N 2;> > = <EXPRESSI ON !> 

- SETS THE FSEL2 RND 0UT2 FIELDS RS IN FSELS 
RBOVE. 

RU.X3-<EKPRESSI0N:> - SETS THE RUX3 FIELD TO THE VALUE OF 
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<expression:>. 
severrl of the rbove 6 bit drtfi control fields ore used in support of 

OTHER FUNCTIONS. SUCH fiS INDEX ALU. RHD MfiV ALSO BE SET fiS PRIMRRV OR 
SECOHDRRV FIELDS OF OTHER HRNOPRIMI TI VE COMMANDS. 

ft SET OF PREDEFINED REFERENCE SYMBOLS IS PROVIDED FOR USE BV RLL 
F SELECT FIELDS. THESE SVhBOLS RRE: 



FlilK 


<8>. 


FMOD 


<1>.. 


FCIR 


<2?. 


FRIL 


<:<>. 


FCID 


<4). 


FAIR 


< 5 ) , 


FCOD 


<&>, 


FROD 


<7>. 


FSID 


CIS). 


FSOD 


<ii). 


FEID 


<i2).. 


FEOD 


<±Z<>, 


FEIfl 


(:14>. 


FEOR 


<i5). 


FINV 


<i6). 


FACT 


<16>, 


PL IV 


<i7>. 


FilPC 


(2d), 


FIDX 




FIST 


<2£>. 


FIPH 


<23'), 


G6 


<24>. 


Gl 


<£5>. 


G2 


<2e>. 


ijK 


<27>. 


G4 


<38>. 


05 


<3i>.. 


G6 


<32?. 


G7 


<:<5:>. 


GS 


<34), 


Q3 


<35>.. 


Gi8 


<36>,. 


Gil 


<37X 















A SET OF PREDEFINED REFERENCE SVMBOLS IS PROVIDED FOR SPECIFIC 
SOURCE AND DESTINATION RUX-SELECT FIELDS. THESE SVMBOLS ARE: 
R <9>. B CI), C(2) FOR RUXi SOURCE RND RLL DESTINATIONS. KX <2) FOR 
RUX2 SOURCE, KR <3>. KB <4> FOR ftUX6 RND fiUX2 SOURCE AND ALL DEST- 
INATIONS.. KT <4> FOR RUXi SOURCE, GSPEC <5.> FOR ALL SOURCE.. 
RLUF <6> FOR RUX8 SOURCE, 10 ID <7> FOR AUX0 SOURCE, INCF <6) FOR 
RUXi RND RUX2 SOURCE, DECF <7> FOR RUXl RND RUX2 SOURCE, KSHC (.5:> 
FOR AUXO AND RUX3 DESTINATION.. KHLC <.S> FOR RUX8 AND AUXl DESTIN- 
ATION.. KSHR <7> FOR RUXl AND flUX3 DESTINATION.. KS. <7> FOR AUX6 
DESTINATION, KX. <5> FOR RUXl DESTINATION, KT. <6.> FOR RUX3 DEST- 
INATION, 

THESE EXPLICIT 6 BIT DRTR TRANSFER CONTROLS MRV BE USED AS FOLLOWS: 

1. TRANSFER B FIELD <0F RKi) TO FSID. 

X... AUX0<i.^=B.. FSEL0 = FSID, 



TRANSFER KX TO KRLC <RLU CONTROL.') THROUGH FIPH (PHANTOM F>. 
. S. . RUX2<i>=KX, FSEL2<i> = FIPH.. RUX2 = KRLC, 

MORE CONCISE COMMAND DECLARRTIONS MRV BE OBTAINED USING THE IMPLICIT 
6 BIT DATA TRANSFER COMMANDS, AS DESCRIBED IN SECTION 6.3.2.4, 
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PRGE 6 I'll 



<GEHERRL CONTROL fiND INPUT / OUTPUT COMMftNDS) 



G<<EKPRESSION>) 



- SETS THE G SPEC FIELD TO THE VRLUE OF 

<EXPRESSION>. THIS FORMRT IS PROVIDED FOR 
SUPPORT OF 6 BIT DRTR TRRNSFER COHMRNDS 
<SEE SECTION 6. 3. 2. 4). 
SPECIRL G SPEC SELECTION REFERENCE SVMBOLS RRE: 6 10 ID <:.t4), 
G B <;i5).. G KS i±€.y, G KT <i7>. 



G SPEC---<EKPRESSION> 
XIO(<EXPRESSION>> 



RIO<<EXPRESSION>> 



flux RCTION 



- SRME RS Q<<EXPRESSION>) RBOVE. 

- SETS THE XIO BIT. IF THE SECONDRRV FIELD IS 
SPECIFIED.. SETS THE VRLUE OF <EXPRESSION> IN 
G SPEC. 

- SETS THE RIO BIT. IF THE SECONDRRV FIELD IS 
SPECIFIED.- SETS THE VRLUE OF <EXPRESSION> IN 
G SPEC. 

- SETS THE flUX RCTION BIT. <RCTIVflTES EXTERNRL 
C0I1MRNDS VI ft USE OF F REGISTER "FftCT"). 



(:. s. 2. 3 VRRIRBLE SVMBOLS RND CONSTRNTS 

f! VRRIRBLE SVflBOL TRBLE IS PROVIDED,. IN THE NRNO-flSSEMBLER,. TO PERMIT USER 
IM-FINITIOH OF THEIR ONN SVtIBOLIC REPRESENTATIONS FOR MOST REFERENCE SVMBOLS 
<SEE SECTION 6. :<. 2. £ FOR LISTS OF REFERENCE SVMBOLS). IN RDDITION MRNV 
PHRRMETERS IIRV BE SPECIFIED USING USER SELECTED VRRIRBLE . NRMES IN PLRCE OF 
COHSTRHTS. PERMITTING EfiSV MODIFICRTION OF SOURCE PROGRRMS. R USER VRRIRBLE 
ilHV BE REDEFINED RT RNV POINT IN THE ASSEMBLV. SPECIFICRTION IS RCCOMPLISHED 
IHROUGH RRITHMETIC RSSIGNMEHT STATEMENTS. 



•filE VRRIRBLE SYMBOL TO BE DEFINED <0R REDEFINED) RPPERRS 
•[0 THE LEFT OF RN EQURL <==■> SIGN. THIS NRMfe MUST NOT BE 
CURRENTLY DEFINED NRNOPRIM I T I VE COMMRND NAME. THE VRLUE 
VHR.IRBLE IS COMPUTED FROM R SIMPLE RRITHMETIC EXPRESSION, 



RS R SYMBOLIC NRME.. 
THE SRME RS RNV 
TO BE PLRCED INTO THE 
TO THE RIGHT OF THE 



EQURL SIGH. THE VERSION 1 NRNO-RSSEMBLER SUPPORTS FOUR RRITHMETIC OPERRTORS 
RLL MIJLTIPLICRTION <*) RND DIVISION </) OPERATIONS RRE PERFORMED BEFORE RNV 
nDDITIOHS <+) OR SUBTRRCTIONS <->. C VERSION 1, LEVEL 2, RECOGNIZES NO 
C^PERRTOR PRECEDENCE. 3 EXPRESSIONS MflV CONSIST OF RNV OTHER VRRIRBLE NAMES 

CONSTRNTS. 



RND 
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i.OKSTRNT VRLUES fIRV BE SPECIFIED IH OCTRL OR DECIMRL NOTRTION. R DECIfIRL 
rOHSTRHT CONSISTS OF R STRING OF DIGITS FOLLOWED BV R DECIHRL POINT <.. >. Bl-i 
(MirrRL COHSTRNT CONSISTS OF R STRING OF OCTRL DIGITS <© THROUGH ?) FOLLOi^iED 
HV RN OPERRTOR OR DELIMITER. TRRILING BLRF>!KS ARE IGNORED. 

DECIHBL CONSTRNTS: 1... 28..- -38790... 6. 
OCTRL CONSTRNTS: i. 28. 37787. -77077. 

BLL NEGfiTIVE VRLUES RRE REPRESENTED IN TWO"' S COMPLEMENT NOTRTION. CRRE flUST 
!;:E TRKEH IN SETTING UP [IRSK VRLUES. SINCE -077" IS NOT THE TRUE C0MPLEJ1ENT OF 
■'HE VRi.UE 7037 <-e77S RPPERRS fiS 777610 IN iS BIT SIGNED NOTRTIONX THE 
vrRSIOH i nsSEHBLER SUPPORTS NUHERIC VRLUES BETWEEN +32.767 RND -32. 7S8. 

VRRIflBLE RSSlGNflENT EXPRESSIONS MRV BE PLRCED WITHIN THEIR OWN FIELDS ON RNV 
•fV'-'E OF STRTEMEHT. EKCLUDING COtlHENT STRTEMENTS. OR ON THEIR OWN STRTEMENTS. 
•\HE FOLLOWING RRE SOME EKRMPLES OF VRRIRBLE SVMBOL USE. 

;1. VRRIRBLE NRME FOR USE IN CS REDRESS SELECTION: 

S. . . B FIELD = 3. RERD CS <MPC + B FIELD). GRTE CS 

2. SETTING UP RLTERNRTE NAMES FOR SPECIRL PURPOSE F OR G REGISTER REFERENCE: 

F. ZERO = 00 "SOURCE OF CONSTRNT 6 BIT ZERO RS RN F REGISTER SELECT" 

G. ZERO == G8-2ei "SOURCE OF CONSTRNT ZERO FOR G SPEC SELECTION" 
. . S. G<G. ZERO). flUX6<i>=GSPEC. FSELB^FIST. "CLEAR FIST" 

FSELKD^F. ZERO.. RUXl = fl. "CLERR R OF R31" 

3, SELECTING RDDRESS REFERENCES: 

NEXT. INSTR = N. + i "N. == CURRENT NRNO-LOCRT ION-COUNTER" 
.... BRANCH -CNEXT. INSTR) 

"OR OPTIONRLLV" 
.... BRANCH <N. •?■ i) "SETS KN = N. +1" 
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(■■. :?. 2. 4 6 ill IT DfiTfi TR'fiNSFER COilMRNDS 

<;PECIFICRTION OF 6 BIT DRTR TRRNSFERS BETWEEN RUX FIELDS RND F REGISTERS.. 
{■IHD DIRECT F REGISTER MOD IF I CRT ION. REQUIRES THE USE OF R MINIMUM OF S 
! -VECTOR HRNOPRIHITIVE FIELDS. IN RDDITION.. ONLV THE R.. E.. RND KR FIELDS 
HRC UKIFORHLV flCCESSIG.'LE fiS SOURCES RND DESTINRTIONS IN RLL 2-$ BIT CONTROL 

GROUPS. 

-{HE NRNOPROQRRMf'lER MRS THE RESPONSIBIL ITV OF K'NOE^ING HON MRNV OCCURRENCES OF 
liRC.H RUX rxiST IN R T-VECTOR.. BUT THE RSSEMBLER CRN DETERMINE WHICH CONTROL 
aROuP TO USE FOP ERCH 6 BIT DRTR OPERRTION. THIS RUTOMRTIC SELECTION IS IN 
iJri'LCT WHtii USING THE S BIT DRTR TRRNSFER COHHRNDS, THERE RRE FOUR FORMRTS 
PVRILRBLE FOR STRTING THESE CDHHRNDS.. flS FOLLOWS. 

:l, (SOURCE RUX NRME >-><EXPRESSI ON) 

;.'. (SOURCE RUX NRME>-:><EXPRESSION)-:><DESTINflTION RUX NRME) 

:s. (SOURCE RUX NRME)-.->(DESTIHRTION RUX NRME) 

-■5. (tXPRESSION)->(DESTINRTION RUK NRME) 

i VERSION i. LEVEL £.■ IS NOT COMPRTIBLE WITH THE RBOVE DEFINITION. TRRNSFER 
COMHRND DECLRRRTIONS MUST BE STRTED.. BV THE NRNOPROGRRMMER.. IN THE BEST FIT. 
LEFT TO RIGHT. ORDER. FOR CORRECT PLRCEMENT INTO CONTROL GROUPS, :i 

i VERSION .1. LEVEL 2. (EXPRESSION) MnV NOT BE USED. RS ONLV R SINGLE VRRIRBLE 
SYMBOL NRME WILL BE RECOGNIZED IN THESE FIELDS. SEE EXRMPLE BELOW. 3 

(EXPRESSION) IS EQUIVRLENT TO ALL LEGRL ARITHMETIC EXPRESSIONS RLLOWED IN THE 
iiKf'LICIT F-SELECT FIELD COMMRNDS.. RS DESCRIBED IN SECTION 6.3.2.2. BOTH THE 
(SOURCE RUX NRME) RND (DESTINATION RUX NRME) COMPONENTS MUST BE ONE OF THOSE 
LISTED IN THE TABLES BELOW. FORMAT 1 SPECIFIES RN RUX FIELD TO F REGISTER 
•fRRNSFER.. OR DIRECT F REGISTER MODIFICRTION (IE. INCREMENT F). FORMAT 4 
SPECIFIES RN F REGISTER TO RUX FIELD TRANSFER. FORMRT 2 SPECIFIES R REPLRCE- 
MENT OPERRTION. WHERE THE RUX TRRNSFER PRRRLLELS THE F TRRNSFER. USURLLV 
iiXCHRNGING THE TWO FIELDS. IT MfiV ALSO INDICRTE R PASS OPERRTION. WHEN THE 
VALUE OF (EXPRESSION) IS FIPH. WHERE THE SOURCE RUX FIELD IS TRRNSFERED DIR- 
I.-CTLV TO THE DESTINRTION RUX FIELD. FINRLLV. FORMAT 2 IS EQUIVRLENT TO FORMRT 
:■;, SPECIFICRLLV INVOKING THE USE OF FIPH TO PASS ONE RUX FIELD TO RNOTHER. 
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•fHE FOLLONIHG TRBLE LISTS RLL SOURCE RUX NRME5 RND THEIR flCTURL CONTROL GROUP 
CiCCURREHCES: 

?;OURCE RUX NRME VRLUE GROUP NUMBERS 

R 8 6 12 

B i 8 12 



C 



o 1 



KR 3 1 

KB 4 

KT 4 i 

INCF 6 1 

DECF 7 1 

ID ID ? 

RLUF 6 " e 



2 



o 



8 



•IHE FOLLOWING TRBLE LISTS RLL DESTINATION RUX NRMES AND THEIR fiCTURL CONTROL 

GROUP OCCURRENCES: 

!:.EST1HRTIDN RUX NAME VRLUE GROUP NUMBERS 

fl 6 

B 1 

C 2 

KR 3 

KB 4 

KS 7 

KX 5 

KT 6 

KSHC 5 

KRLC 6 

K5HR 7 

HXRtlPLES OF TRRNSFER COMMRNDS: 

■1 TRRNSFER THE R FIELD OF R3i TO FMOD. 

fl~>FMOD "EQUIVRLENT TO: flUXe<l) = R.' FSEL0=FMOD" 
;■• EXCHRHGE THE CONTENTS OF THE B FIELD WITH FIST. 






1 


2 





1 


2 





1 


2 


e 


i 


2 


e 


1 




8 


1 


2 


e 




2 


8 


1 






1 


2 
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B->FIST->B "EQUIVRLEHT TO: RUX8<:i>=B.. FSEL0<1 >=FI ST" 
;<. TRRNSFER KT TO G2> WHILE TRRNSFERING G2 TO KSHR. 

KT->G2->K"SHfl "EQUIVRLENT TO: RUXi<i>=KT, FSELi=G2. " 

FSEL2(1>=G2. RUX:<=KSHR" 
^1. TRRNSFER KK DIRECTLV TO KRLC. 

KK~>KRLC "SRME RS KX-->F IPH-:>KfiLC" 
I--, TRRHSFER RN F REGISTER ONE GRERTER THRN F. WQRK TO KX. 

F. N0RK + 1-:>KX "EQUIVRLENT TO; FSELe<l >=F. WORK + 1.. RUX8=KX. " 

! VERSION 1. LEVEL £ RESTRICTION.. <EXPRESS I ONS> MRV NOT BE USED IN 6 BIT 

TRRWSFER COtlMRNDS. OHLV SINGLE SVMBOLIC NRI1ES MRV BE REFERENCED. IN ORDER 
TO RCCOHPLISH THRT SHOWN IN EHRHPLE 5. R TEtlPORRRV NRME MUST BE USED TO 
HOLD THE F REGISTER VRLUE. UE. TEf1P-~F. WORIC+1.. IEMP~:>I<:X). J 

(■ . :<. :< CONTROL STRTEMENTS 

( CNTROL STRTEMENTS CONSIST OF ONE OR MORE CONTROL FIELDS. THOUGH RLL CONTROL 
!-H;LD OPERRTORS will be recognized on OTHER STRTEMENT TVPES.. THE FOLLONING 
(RUTION SHOULD BE OBSERVED, RLL CONTROL FIELDS TERMINRTE THE NRNONORD CURRENT- 
1. S' BEING ASSEMBLED. IN RDDITION. STRTEMENTS CONTAINING SOME OF THE CONTROL 
PIELDS NILL NOT BE LISTED. TWO CLRSSES OF CONTROL STRTEMENTS RRE DEFINED FOR 
VERSION .1: RSSEMBLV CONTROL. RND LISTING CONTROL. 

<■. ?.. 3. i RSSEMBLV CONTROL STATEMENTS 

ONLV ONE RSSEMBLV CONTROL STATEMENT IS DEFINED FOR VERSION 1. THE "END" 
CONTROL OPERRTOR INDICATES THE END OF THE LAST SOURCE STRTEMENT OF THE 
CURRENT RSSEMBLV. IT SHOULD BE PLRCED BV ITSELF ON A SOURCE STATEMENT. 
)T WILL RLWRVS BE LISTED, REGRRDLESS OF LISTING CONTROLS SPECIFIED. 

(: li.. :<. 2 LISTING CONTROL STRTEMENTS 



(HERE RRE A LISTING CONTROL STRTEMENTS DEFINED FOR VERSION .1. EACH TERMINATES 
■[HE CURRENT NRNOWORD. SINCE SOME RRE NOT LISTED THEV SHOULD BE PLACED ON 
•(HEIR OWN SOURCE STATEMENTS. 

LIST OFF NO PRRRMETERS. REMRINDER OF STRTEMENT IS PROCESSED. THE STRTE- 
MENT CONTAINING "LIST OFF" WILL NOT BE LISTED.. RS WELL RS RLL 
FOLLOWING STRTEMENTS UNTIL ONE WITH A "LIST ON" CONTROL COMMAND 
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IS ENCOUNTERED. LINES IN ERROR WILL BE LISTED UNCONDI TIONflLLV. 

I. rST ON NO PRRRMETERS. REMRINDER OF STfiTEMENT IS PROCESSED. REVERSES THf: 
EFFECT OF R PREVIOUS "LIST OFF" COMMRND. 

<SINGLE PERIOD) NO PRRRMETERS. REMRINDER OF STATEMENT IS PROCESS- 
ED. ". " SIMPLV INDICATES THE END OF THE CURRENT NRNONORD. IT IS 
USED OPTIONRLLV TO TRIGGER NORMRL flSSEMBLV GENERRTED END OF NORD 
LISTING INFORMRTION. THIS PERMITS INSERTION OF EXTRR LINES RND 
COMMENTS RHERD OF THE NEXT WORD DEFINITION. WHEN NOT TERMINATED 
BV COMMAND. THE LRBEL STATEMENT OF THE NEXT NRNOWORD TRIGGERS THE 
GENERRTED LISTING INFORMATION. 

HJECT NO PRRRMETERS. REMRINDER OF STATEMENT IS IGNORED. "EJECT" IS 
NEVER LISTED BUT K'lLL CRUSE RN EJECT TO TOP OF NEXT PRGE.. WHILE 
"LIST ON" IS IN EF-FECT. 
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6.4 OPERRTION C VERSION 1. LEVEL 2. UNDER NCS ONLY 3 

0.. A. i IHVOCRTION 

■IHE WRN0-fiSSE^5BLER IS INITIfiTED BV COMMRND RT THE SVSTEM CONSOLE. ENTERING 
THE HRME "NR.-" WILL BEGIN RSSEMBLER EXECUTION. THE REQUEST FOR INPUT FILE 
KHHi: WILL BE DISPLfiVED fiS "IHPT=". RESPOND WITH THE DISK DRTfl FILE NRHE. 
RILLOWED BV R COMMR. THE REQUEST FOR BINflRV OUTPUT FILE NRME WILL BE DISPLftVED 
NEXT RS "BiH=". RESPOND WITH EITHER THE FILE NRME TO BE USED.. FOLLOWED BV R 
PERIOD.. OR JUST R PERIOD TO INDICRTE THAT NO OUTPUT FILE IS DESIRED. THE 
i-SCRPE KEV <ESC) MRV BE USED TO CANCEL A PART I ALL V ENTERED FILE NRHE.. IN ORDER 
TO CORRECT KEVING fllSTRKES, 

}F RNV ERRORS RRE DETECTED DURING THE RSSEMBLV THE JIESSAGE "flSSEM. ERRORS" WILL 
BE DISPLRVED RT THE END OF PROCESSING. 

(;. 4, 2 ERROR FLAGS 

i-RRQRS RRE INDICATED THROUGH USE OF SINGLE CHRRRCTER CODES PLACED ON THE LINE 
IHHEDIRTELV FOLLOWING THE LINE IN ERROR. ERCH CODE WILL APPEAR DIRECTLV UNDER 
THE SYMBOL OR CHARACTER IN ERROR. THERE ARE THREE CLASSES OF ERROR DETECTION: 
1. EXICRL.. SVHTRCTIC AND GENERAL. 

LEXICAL ERRORS ARE DETECTED DURING INITIAL SCRN OVER THE SOURCE STATEHENTS. 

RNV ILLEGAL CHARACTERS OR UNRECOGNIZED CHARACTER SECs'UENCES RRE FLAGGED WITH R ' 

iMGIT flS FOLLOWS: 

CODE DESCRIPTION 

6 ILLEGAL FIRST CHRRACTER IN A FIELD. 

.1 ILLEGAL CHARACTER WITHIN A SVMBOLIC NAME. 

2 ILLEGAL CHRRRCTER WITHIN A NUMERIC STRING. 

:< ILLEGAL OCTAL NUMBER. 

4 INTERNAL ERROR IN LEXICAL ANRLVZER. *** 

5 EXPECTED OPERRTOR OR FIELD DELIMITER MISSING. 

C SVNTRX TRBLE FULL (EXPRESSION OVERLV COMPLEX. > *** 

*** REPORT THESE ERRORS TO: THE SVSTEMS SOFTWARE DIVISION.. 

NRHODRTR CORPORATION.. 2A57 WEHRLE DRIVE, WI LL IRMSVILLE.. NEW YORK 14221. 
PLEASE PROVIDE AS MUCH SUPPORTING MATERIAL AS POSSIBLE (WITHIN RERSON>. 
LISTINGS.. DECKS. DUMPS.. ETC. 
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LEXICAL ERRORS CRUSE R SKIP TO THE NEXT COMtIR, OR END OF STRTEMENT, WHICHEVER 
OCCURS FIRST. THIS SKIP IS INDICRTED BV fl STRING OF HVPHENS FROM THE ERROR 
CODt TO THE END OF THE SKIP, ON THE ERROR FLRG LINE. 

SVHTRCTIC ERRORS RRE DETECTED WHILE THE RSSEMBLER IS ATTEMPTING TO Ci R-^i^IFV 
iinCH FIELD <NflNOPRIHITIVE.. LABEL.. RRITHMETIC EXPRESSION. CONTROL. ETC i EACH 
l-RROR RECEIVES R LETTER CODE RS FOLLOWS: 

CODE DESCRIPTION 

fi IHPROPER FIRST ELEMENT IN fl FIELD. 

B FIRST ELEMENT IMPROPERLV TERMINRTED. 

^■•- IHPROPER FIRST ELEMENT IN R NfiNOPRIMlTI VE SECONDRRV FIELD 

D IMPROPER FIRST ELEMENT .IN AN RRITHMETIC EXPRESSION. 

E ILLEGAL ELEMENT. OR IMPROPER TERMINATION.. IN R NRNOPRIMITI VE 

SECONDRRV FIELD, 

F IMPROPER ELEMENT IN SECONDRRV FIELD. 

C SECONDRRV FIELD NOT FOLLOWED BV LEGAL DELIMITER. 

H IMPROPER ELEMENT WITHIN RN. RRITHMETIC EXPRESSION 

I IMPROPER RRITHMETIC OPERATOR WITHIN RN EXPRESSION, 

^^ ILLEGAL COMPONENT IN R 6 BIT DRTR TRANSFER COMMAND. 

K " " " " » " » H II 

L " " II " " II " II II 

M IMPROPERLV FORMRTTED.. THREE ELEMENT. 6 BIT DRTR TRANSFER COMMRND. 

GENERAL ERROR FLAGS ARE SET BV VARIOUS STATEMENT CLASS, AND FIELD TVPE. 

I^'ROCESSES. THESE RRE LISTED BELOW: 

CODE DESCRIPTION 

? UNRECOGNIZED NRNOPR IMIT I VE COMMAND. CONTROL OPERATOR. OR P<;EUD0 

COMMRND OPERATOR, 

WARNING.; THAT fi REDEFINITION OF ONE OF THE PREDEFINED REFERENCE 

VARIABLES HRS OCCURRED, 
* INTERNAL ASSEMBLER CONTROL ERROR. *** CRBOVE-* 

M MULTIPLV DEFINED SYMBOLIC LABEL NRME, OR MULTIPLY DECLARED 

NRNOPR IMIT I VE FIELD, 
T T-VECTOR NRNOPRIMITIVE DECLARED WITHIN K-VECTOR STATEMENT RRNGE. 
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F'RGE m.'\9 



W 
P 

K 
U 
I 



n NRNOWORD. 
THE CURRENT 



T-VECTOR. 



NRNOPRIMITIVE DECLRRED OUTSIDE THE RRNGE OF 

G BIT DRTR TRRHSFER COtlHRND WILL NOT FIT IN 

RLL RCCEPTRBLE GROUPS IN USE. 

UNDEFINED VRRlRBLE NRME IN RRITHMETIC EXPRESSION. 

UHHECESSRRV PRIflRRV OR SECONDRRV NRNOPRIMITIVE COMtlRND SPECIFICATION. 

INCOMPLETE NRNOPRIMITIVE SPECIF ICRT I ON. fi REQUIRED PRIMRRV OR 

SECONDRRV FIELD DECLRRBTION IS MISSING. 



Gl£NERRL.i LISTRBLE ERROR MESSR6E5: 
OUTPUT FILE FULL *** 



**•* BINRRV 
>* ERROR * 



- SPECIFV R 

- LEFT SIDE 



LRRGER OUTPUT FILE. 

OF ALL ERROR FLAG LINES. 



CONSOLE ERROR MESSRQES ; 



BRD NRME 

FILE NOT FOUND 

I'; r-i LP UNCTION 

?.^VHBOL TRBLE OVERFLOW 

RSSEH. ERRORS 



ILLEGAL DISK FILE NRME ENTERED. 

TRV ANOTHER NRME.. DISK OR VOLUME. 

USUALLY ARE HRRDWRRE FAILURE DURING ASSEHBLV. 

RSSEMBLV REQUIRES MORE MEMORV SPACE. 

ONE OR MORE ERRORS DURING RSSEMBLV., 
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? NftNOPROGRRflMING EXFiMPLES 

?..i BRSIC MODEL NRNOPROGRRMS 

(iHE OF THE MOST BRSIC NRNOPROGRRMS THRT CRN BE fiCTURLLV USED IS ILLUSTRRTED 
i;:MLOW, THIS HRNOPROGRRM IMPLEMENTS R WRIT MICROINSTRUCTION THRT CVCLES UNTIL 
nW INTERRUPT OCCURS. 

KRIT : 

. . . . LEGRL MICRO OP ENTRY.. ALLOW NRNO INTERRUPT.. RLLOW MICRO INTERRUPT 

X. . . 

. X. . Rl-flD NS 
. . X. GRTE NS 
... X 

•!HE l<~VECTOR COMMANDS SPECIFY THAT THIS IS R LEGRL MICROINSTRUCTION AND 
•(HAT ALL INTERRUPTS ARE ALLOWED FOLLOWING EXECUTION OF THIS NANOWORD. 

)N THE SECOND T-STEP.. NRNOSTORE IS READ USING THE ADDRESS THRT REMAINS IN THE 
NRKOPROGRRH COUNTER <NPC.^ FOLLOWING THE BEGINNING OF EXECUTION OF THE NANO- 
NORD. IN THE THIRD T-STEP.. THE NRNOSTORE WORD READ IS GATED INTO THE CONTROL 
K.RTRIX. IT WILL BEGIN EXECUTION FOLLOWING THE THIRD T-STEP <THE LAST T-STEP 
)S UNUSED. > 

<.'INCE THE SUCCESSIVE NRNOSTORE WORDS READ ARE THE SAME AS THE FIRST ONE 
"IRIOGERED BY EXECUTION OF THE WAIT MICROINSTRUCTION.. THIS NANOPROGRRM CYCLES 
RSLPEHTEDLY UNTIL AN INTERRUPT OCCURS. 

WHEN AN INTERRUPT OCCURS <AND IS ACCEPTED BY THE MACHINE), THE ABOVE SEQUENCE 
}S SU.I-PENDED. THE NEXT NANOWORD READ AND PLACED INTO EXECUTION IS THE ONE 
PDDRESSED BY THE PARTICULAR INTERRUPT THAT HAS OCCURRED. 

iHE FIRST T-STEP IS NOT USED FOR THE READ NS WRNOPRIMI T I VE.. IN THE EXAMPLE.. 
SINCE INTERRUPTS ARE ALLOWED FOLLOWING THE EXECUTION OF THIS NANOWORD, 
.INTERRUPT ADDRESS SELECTION REQUIRES AT LEAST ONE T-PERIOD.- AND CANNOT BEGIN 
UNTIL RT LEAST ONE OF THE ALLOW INTERRUPT K-VECTOR NANOPRI MI T I VES IS RECOG- 
NIZED, THE EARLIEST INTERRUPT RLLOW RECOGNITION TIME IS AT THE LEADING EDGE 
OF -1:1. SINCE READ NS ADDRESS SELECTION IS ALSO A LEADING EDGE FUNCTION IT 
I'iRY NOT PE EXECUTED IN Ti.. UNLESS IT IS SELECTING A NANOBRANCH a(N> ADDRESS. 

)N THE EXAMPLE ABOVE.. NO ACCESS IS MADE TO CONTROL STORE SINCE THE SAME NANO- 
KORD IS REPEATEDLY READ. CONSEQUENTLY. NOTHING HAS TO BE DONE TO CHANGE THE 
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HICROPROGRRH COUK'TER. ITS CURRENT VRLUE STILL INDICATES THE CONTROL STORE 
l-^RIT INSTRUCTION THRT INITIRTED THE NfiNOPROGRRtl IN THE tlORE TVPICRL 
5;. HURT I ON.. SUCCESSIVE CONTROL STORE INSTRUCTIONS WOULD BE REfiD RND USED TO 
PDDREbS DIFFERENT NRNOPROGRRMS THRT IMPLEMENT THE SUCCESSIVE INSTRUCTIONS. 
(HE NEXT EXRMPLE SHONS THE IMPLEMENTATION OF fl NO-OPERRTION MICROINSTRUCTION 
THRT INCLUDES RERDING THE NEXT MICROINSTRUCTION FROM CONTROL STORE AND 
UPDRTIHG THE MICROPROGRAM COUNTER. 

NOP : 

.... LEGRL MICRO OP ENTRV, ALLOW NflNO INTERRUPT, ALLOW MICRO INTERRUPT 

X. . . READ CS<MPC+i> 

. K, LORD NPC<CS), MPC PLUS i "INC MPC +1; THIS IS A COMMENT" 

, . K. REfiD NS 

. . . -A GATE NS. LORD RSI 

)N THIS NRNOPROGRAM.. THE CONVENTION HAS BEEN ESTABLISHED THAT AT NANOPROGRAH 
HNTRV.. THE MPC <0N£ OF 4 AVAILABLE LOCAL STORE REGISTERS) POINTS TO THE 
CURRENTLV EXECUTING MICROINSTRUCTION IN CONTROL STORE. THE ACTUAL MPC IN USE 
)T.. DETERMINED BV THE CONTENTS OF FMPC WHEN THE NRNOPROGRAM IS EXECUTED IT IS 
i-URTHER DEFINED THRT THE NOP MICROINSTRUCTION IS ONE WORD LONG. <THIS IS R 
REHSOHHBLE ASSUMPTION SINCE NO PARAMETERS ARE NEEDED' IN A NOP ! .> THUS DURING 
•(1. CONTROL STORE IS READ AT THE ADDRESS ONE GREATER THAN THE CURRENT CONTENTS 
or THE HICROPROGRRM COUNTER. THUS THE NEXT MICROINSTRUCTION IN SEQUENCE IS 
H'FIHG RERD, 

!>l!R.ING T2.. THE MICROPROGRRM COUNTER IS UPDATED. THIS ASfSURES THRT IT WILL 
iHUNT TO THE NEXT MICROINSTRUCTION WHEN THAt MICROINSTRUCTION BEGINS EXE- 
CUTION. SIMULTRNEOUSLV, THIS NEW MICROINSTRUCTION FROM CONTROL STORE <ALONC 
WITH THE CONTENTS OF THE PAGE REGISTER IN FlDX) IS USED TO LOAD THE 
Iv'RNOI'ROGRRH COUNTER <NPC>. 

i-RDM THIS POINT ON.. THE NRNOPROGRAM IS SIMILAR TO THE FIRST EXAMPLE. THE 
KRNOSTORE WORD THAT BEGINS THE IMPLEMENTATION OF THE NEXT MICROINSTRUCTION IS 
READ AND GATED INTO THE CONTROL MATRIX. SIMULTANEOUS WITH THIS LAST ACTION.. 
THE R RND B PARAMETERS OF THE NEW MICROINSTRUCTION ARE LOADED INTO R31. THE 
KEN NRNOPROGRAM THEN BEGINS EXECUTION. 

•|.HI.<-. EXAMPLE IS SHOWN AS A MODEL SINCE IT CONSISTS OF A BASIC SET OF NflNO- 
PRIHJTJVES THAT WILL BE COMMON TO MANV NAN0PR06RAMS. IT FORMS A BASIS FOR ALL 
ONE WORD NRNOPROGRRMS THAT IMPLEMENT ONE-WORD MICROINSTRUCTIONS UNDER THE 
KRNOPROGRRMMING CONVENTIONS MENTIONED. THE NEXT EXAMPLE WILL ILLUSTRATE 
PNOTHER OF THE MANV POSSIBLE SETS OF CONVENTIONS THAT MAV BE SELECTED. 
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CHE POSSIBLE NflNOPROGRRMMING CONVENTION WHICH CRN BE ESTRBLISHED IS THAT EACH 
NRNOPROORRM WOULD EXPECT THE NEXT SEQUENTIAL WORD FROM CONTROL STORE TO BE 
f;VfiILflBLE AT THE BEGINNING OF ITS EXECUTION < ON THE COD BUS) AND THAT EACH 
KHNOPROGRRM WOULD BE RESPONSIBLE FOR ilRINTRINING THIS PREFETCH CONVENTION FOR 
I HE NEXT NRNOPROGRAM. THE FOLLOWING EXAMPLE SHOWS A POSSIBLE FO^M OF THE NOP 
KHEN PROGRRMMED ACCORDING TO THIS NEW CONVENTION, 

KDPLR: 

.... LEGAL MICRO OP ENTRVj ALLOW I NTS 

X. . . LORD HPC<CS> 

. X. , READ NS.. READ CS<MPC + 2). INC MPC 

. . X. GATE NS.. LORD RSI 

SINCE THE NEXT- WORD FROM CONTROL STORE IS ALRERDV RVAILRBLE.. WE CRN IMMEDIATE- 
1. V LOAD THE NRNOPRDGRRM COUNTER IN Ti. AT THE SAME TIME, WE START THE OPER- 
ATIONS NECESSARY TO SET UP A SIMILAR SITURTION AT THE END OF THE NANOPROGRAM 
liiV READING CONTROL STORE. THE ADDRESS USED IS MPC+2 SINCE WE NEED TO READ THE 
WORD AHEAD BV TWO- FROM THE CURRENTLV EXECUTING MICROINSTRUCTION. 

7 HE REMAINDER OF THE EXAMPLE PROCEEDS AS BEFORE. RT THE END OF TK. WE ARE 
l^.'ERDV TO EXECUTE THE NEXT NANOPROGRAM AND THE NEXT SEQUENTIAL WORD FROM 
CONTROL STORE IS AVAILABLE ON THE COD BUS. ftS BEFORE.. THE MICROPROGRAM 
COUNTER POINTS TO THE CURRENTLV EXECUTING MICROINSTRUCTION. 

•|HIS EXAMPLE HAS BEEN GIVEN FOR ILLUSTRATIVE PURPOSES ONLV^ THE RDVRNTAGES OF 
A CONTROL STORE PREFETCH ARE NOT EXPLORED HERE. IT DOES ILLUSTRATE.. HOWEVER.. 
SOME OF THE POSSIBLE FREEDOM AVAILABLE TO THE NANOPROQRAMMER IN SELECTING THE 
CONVENTIONS THAT BEST SUIT HIS PURPOSES. 

NOW AN EXAMPLE WILL BE GIVEN SHOWING A VERV SIMPLE NRNOPRDGRRM WHICH RCTUALLV 

USES THE MICROINSTRUCTION PARAMETERS. THIS IS AN IMPLEMENTATION OF THE 

MOV A.. B MICROINSTRUCTION THAT CAUSES THE CONTENTS OF LOCAL STORE REGISTER B 

•10 BE MOVED TO LOCAL STORE REGISTER A.. WHERE fl AND B ARE THE PARAMETERS IN THE 

MOV MICROINSTRUCTION 
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KOV 



LEGRL MICRO OP.. RLLOW I NTS 



X. . . RERD CS<HPC + 1>.. ft->FSOD.. B-:>FSID 

. X. . LORD NPCCCS).. IIPC PLUS i 

. . X. RERD NS.. GRTE SH 

... X GRTE NS.. LORD RKi 

■fHIS HRHOPROGRRM USES THE SHIFTER RS R PRTH TO RCCOMPLISH THE MOVE. THUS THE 
HBIH PRRT of" THE PROGRRM IS THE SETTING OF THE SHIFTER BUS CONTROLS FSID RND 
I^SOD,. FOLLONED BV THE GRTING OF THE SHIFTER TO RCTURLLV CRUSE THE TRRNSFER. 
HOTE THRT THE CONTROLS RRE SET UP IN Tl BUT THE GRTE OPERRTION IS DEFERRED 

utrrn. T3. this is necessrrv in order for the shifter output to be strble. 

SINCE the shifter IS USED MERELV RS fi PRTH TO RCCOMPLISH THE MOVE.. NO SHIFTING 

iS REQUIRED. THE SHIFT RMOUNT IS EXPLICITLV SET TO ZERO WITH KSHR^O. THIS IS 

DONE TO MRKE THE EXRMPLE CLERR.; IT IS UNNECES5RRV. RS IS KSHC=0.. SINCE THE 

DEPRULT VALUE FOR THESE FIELDS IS ZERO WHEN THEV RRE NOT MENTIONED. 

NOTE THRT RLL OF THE NANOPRIMI TI VES OF THE NOP NRNOPROGRRM RRE INCLUDED IN THE 
ii.XRMPLE HOV NRNOPROGRRM. THIS IS DONE SINCE SOME SCHEME FOR FETCHING RND 
<.-.Er.H.!EHCING OF MICROINSTRUCTIONS IS NECESSRRV. THE SCHEME ILLUSTRRTED IN THE 
NOP NRNOPROGRRM IS ONE SUCH SCHEME AND IS SRTISFRCTORV FOR THE INSTRUCTION 
i^RESENTED. THE PREFETCH SCHEME WOULD WORK fiS WELL RS IS SHOWN BELOW. - 

MOVL.R: 

.... LEGRL MICRO.. ALLOW I NTS 

.... KSHR--=^0.. KSHC==e 

.^i. . . LORD NPC<CS).. R->FSOD, B->FSID 

. X. . RERD NS.. RERD CS <MPC + £), MPC PLUS 1 

. . X. GRTE NS.. GRTE SH.. LORD R3i 

)N FACT.. THIS RLSO ILLUSTRRTES R POSSIBLE RDVRNTRGE OF THE PREFETCH SINCE THE 
NRNOPROGRRM IS SHORTER BV ONE PERIOD. 

RT THIS POINT. IT IS USEFUL TO INTRODUCE R SHORTHRND NOTATION TO SIMPLIFV 
WRITING SETS OF NRNOPROGRRMS. BV PREDEFINING fl SET OF NRNOPRIM I T I VES THRT 
RPPtRR FREQUENTLV.. THEV MflV BE INVOKED BV NRME WHEN NEEDED. THIS IS 
n.LUSTRRTED IN THE NEXT SECTION. 
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?. 2 USE CF PREDEFINED KRNOWORDS 

NOTE: IN CURRENT VERSIONS OF THE NRNO-ftSSEflBLER NO SUPPORT IS PROVIDED 
FDR FETCHING PREDEFINED NRNOHORDS. IT IS LIKELV THRT THIS SUPPORT NILL BE 
RDDED IN LRTER VERSIONS. UNTIL THEN.. PREDEFINED NRNOWORDS ARE" DESCRIBED IN 
t THIS DOCUHENT STRICTLV FOR ILLUSTRRTIVE PURPOSES. ;t 

rr IS USEFUL to HRVE R WRV TO CONDENSE THE DESCRIPTION OF SETS OF NRNOPROGRRtIS 
HRVING FREQUENT REPETITION OF THE SfitlE NRNOPRItl I T I VE SEQUENCES. THIS IS DONE 
iiiV RiiFEREHCE TO PREDEFINED NRNOWORDS. RNV NRKONORD PREVIOUSLV DEFINED iWD 
!. RBELED MRV BE INVOKED TO CRUSE RLL OF THE PREDEFINED BITS TO BE SET IN THE 
NfiHONORD IN WHICH THE Lfi&EL OF THE PREDEFINED NRNOWORD IS MENTIONED. 

FOR EXRMPLE. THE flOV NRHOPROGRRMS OF THE PREVIOUS SECTION MRV BE WRITTEN: 

HOV : 

. . . . NOP. KSHR=8.. KSHC = 8 

X. . . R->FSOD.. B->FSID 

. . X, GRTE SH 

MERE THE FETCH SEQUENCE IS INVOICED -BV REFERENCE TO NOP> PROVIDED THE NOP 
NRNOWORD HRS BEEN DEFINED RS SHOWN IN THE PREVIOUS SECTION. ALL OF THE BITS 
VH IN THRT HRNONORD NILL BE SET ON IN THIS NRNOWORD. 

SIMILflRLV. THE PREFETCH SEQUENCE CRN BE INVOKED INSTERD BV CHANGING NOP TO 

NDPLR. 

110VLR: 

.... NOPLR.. KSHR=0.. KSHC = 8 

X'. . . R-:>FSOD.. B->FSID 

. . X. GRTE SH 

•|HIS NOTATION WILL BE USED EXTENSIVELY IN THE EXRMPLES THRT FOLLOW. IT MRKES 
•fHE EXRHPLES SHORTER RND RLLOWS ONE TO CONCENTRRTE ON THE PRRTS OF ERCH NRNO- 
i-ROGRRM THRT RRE NOVEL TO ERCH NEW EXRMPLE. CONSIDERRBLE CRRE HOST BE 
iiXERTED.. HOWEVER.. TO AVOID COMBINRTIONS THRT RRE NOT CONSISTENT. 
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•IHE SIMPLE FETCH PROCEDURE.. DESCRIBED IN THE BEGINNING OP THIS CHfiPTER.. WILL 

Bll USED IN MOST OF THE EXFiHPLES, IT IS F0RJ1RLLV CODED RS FOLLOWS: 

FETCH: 

LEGAL HICRO OP ENTRV. RLLOW KRNO INTERRUPT.- RLLOW tllCRO INTERRUPT 
X. . . RERD CS <HPC+1) 
. X, . LORD NPC CCS) 
. , X. RERD HS. (IPC PLUS i 
. . . K GRTE NS.. LORD R3i 

(HE INC MPC NRNOPRIMITIVE CMPC PLUS 1> HfiS BEEN PLfiCED IN TS SO THRT THE 
PREVIOUS CONTENTS OF MPC !1RV BE USED DURING Ti. T2 OR T3 IN NRNOPROGRRMS THRT 
USE FETCH. 

•|0 ILLUSTRATE THE USE OF THIS PREDEFINED NRNOWORD. THE FOLLOWING NRNOPROGRRM 
JMPLEMEKTS R LD R.. B It I CROI NSTRUCTION THRT LORDS FROM CONTROL STORE.. INTO 
i. OCRL STORE REGISTER R.. THE WORD RDDRESSED BV THE CONTENTS OF LOCRL STORE 
REGISTER B. 

I. D : 

.... FETCH 

X. . . R->FCOD.. B-->FCIfi 

. . X, RERD C5 <C1R) 

... X GRTE CS . ■• 

)!^ THIS EXRHPLE.. THE ESSENTIRL BUT PREVIOUSLY DISCUSSED PRRTS OF THE NRNO- 
PROGRRM RRE CONDENSED INTO THE REFERENCE TO FETCH. THEN. THE PRRTS OF THE 
NHWC-PROGRRH II1P0RTRNT TO MRKE THE LD WORK. CRN MORE CLERRLV BE SEEN. 
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?. :< CONTROL STORE RCCESS NRNOPROGRRHS 

•fHE PREVIOUS EXRMPLE SHOWS HOK* ONE MflV IMPLEHENT RN INSTRUCTION TO LORD R HORD 
i:ROM CONTROL STORE INTO R LOCRL STORE REGISTER. USING RN RDDRESS RLRERDV IN R 
I. OCRL STORE REGISTER, THE EXRMPLES IN THIS SECTION WILL ILLUSTRATE OTHER NRVS 
IH WHICH CONTROL STORE HRV BE ADDRESSED AND ACCESSED. 

•fHE RDDRESS OF THE DESIRED CONTROL STORE DRTR LOCRTION MRV ITSELF BE FETCHED 
l-RO-1 CONTROL STORE, TNO SIMPLE RCCESS TECHNIQUES CRN BE IMPLEMENTED, FIRST OX- 
MLL.. ONE COULD TREAT THE LOWER 64 <DECIMflL> LOCATIONS OF CONTROL STORE RS fl SET 
OF DIRECTLV ACCESSED SPECIRL REGISTERS. SECOND,. THE DATA ADDRESS COULD BE 
POUND RT SOME CONTROL STORE LOCRTION RELATIVE TO THE LORD INSTRUCTION ITSELF, 
THE HOST ACCESSIBLE LOCRTION,. IN THIS CASE.. WOULD BE THE NEXT SEGiUENTIRL 
CONTROL STORE WORD, 

•(HE FOLLOWING EXRMPLE ILLUSTRATES A MICROINSTRUCTION THAT READS THE CONTROL 
STORE LOCATION IDENTIFIED BV THE VRLUE OF B. INTO LOCRL STORE REGISTER R. 

1. DCSR: 

. , . , FETCH.. KR=2i. 

X. . . R->FCOD. KA->FCIR, FIPH~>fl . 

. X. . 

. . X. READ CS <CIfl> 

, . , X GATE CS 

•(HE LOAD-V I R-CONTROL-ST ORE-REGISTER INSTRUCTION USES THE PREDEFINED FETCH PRO- 
C:EDURE TO ACCOMPLISH ITS NEXT MICROINSTRUCTION RCCESS, CRRE MUST BE TAKEN NOT 
•|0 INTERFERE WITH THAT LOGIC ESPECIALLY SINCE BOTH FETCH AND THE INSTRUCTION 
EXECUTION LOGIC ACCESS CONTROL STORE. 

Ti OF OUR EXAMPLE SETS UP THE F-REGISTERS FOR THE DATR ACCESS. LOCAL STORE 
REGISTER R IS CONNECTED TO THE COD BUS.. REGISTER 31 < DECIMAL) IS CONNECTED TO 
•|HE CIR BUS.. RND THE ORIGINRL CONTENT OF THE R FIELD IS ZEROED LEAVING ONLV 
•JHE B FIELD REMAINING IN Rsl. FIPH IS A SOURCE OF ZEROES WHEN NO SOURCE AUX 
3S TRHNSMITTED TO IT. WITHIN THE SRME T-STEP. NOTE THAT THE C FIELD OF (;;Si 
DOES NOT NEED TO BE CLEARED,. AS THE CONVENTIONAL MICROINSTRUCTION INITIATION 
SlliQUENCE CLEARS C WHILE LOADING A AND B <LORD R"_U NRNOPR IMIT I VE >. 

•(:t RND T2 ARE USED BV THE FETCH SEQUENCE TO ACCESS CONTROL STORE. WE MAV USE 
CONTROL STORE FOR OUR DATA ACCESS BEGINNING IN T3, LOCAL STORE REGISTER 31 IS 
NOW USED FOR RDDRESS I NG CONTROL STORE. NOTE ALSO THRT WE RRE ACCESSING BOTH 
NANOSTORE AND CONTROL STORE S I MULTANEOUSLV DURING T3 AND T4. THE FETCH 
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<;{::QLiEHCE IS RERDING THE NEXT NRKQPROGRRM WHILE THE LDCSR LOGIC IS RERDING THE 

DfiTR WORD. 

■!0 BE RBLE TO RDDRESS RHV CONTROL STORE LOCATION THE LORD-VIfl-NEXT-WORD 
INSTRUCTIDH MRV BE DEFINED, IN THIS CASE THE MICROINSTRUCTION MRV BE CONSIDER- 
iiD RS BEING TNO WORDS IN LENGTH.. WHERE THE SECOND WORD CONTRINS THE RBSOLUTE, 
^B BIT CONTROL STORE RDDRESS. THE DfiTR IS LORDED INTO THE LOCRL STORE REGISTER 
IDENTIFIED BV THE fi FIELD OF THE FIRST WORD OF THE INSTRUCTION. 

THERE RRE tIRNV WRVS OF ORGRNIZING THIS NRNOPRDGRRM. IN ORDER TO USE THE FETCH 
PREDEFIHITION WE MUST DEFINE RH RDDITiONRL PRD6RRMHING CONVENTION. IF WE 
ENFORCE THE RULE THRT RNV NRNOPROGRRM THRT USES FOOD MUST RESTORE IT TO THE 
VRLU'i 31 (DECIMAL) PRIOR TO COMPLETION.. WE f^ftV THEN EXECUTE R GRTE CS NRNO- 
PRIMITIVE IN Ti WITH THE KNOWLEDGE THRT THE COD BUS IS RLRERDV CONNECTED TO 
\<3±. 

i.DNW: "WITH FC0D--21 CONVENTION" 

FETCH.. KR-31. 

GRTE CS.. R->FCOD.. KR-:>FCIR 
. S. . READ CS <!'iPC+2>, MFC PLUS i 
. . X. RERD CS <CIR> 
... X GATE CS.. KR->FCOD 

•I HE FETCH SEQUENCE NORMRLLV INITIATES THE RERD OF CS LOCATION MPC + i IN Tl. THEN 
LORDS NPC WITH THE RESULTS OF THE RERD IN T2. BV STRETCHING Tl THE RERD CS 
<MPCH.^ IS COMPLETED WITHIN Tl.. RND OUR GRTE CS WILL PLACE THE CONTENT OF tlPC+l 
)NTD LOCRL STORE REGISTER 51 <BV OUR FCOD CONVENTION). THUS.. BV THE END OF Tl 
OUR DRTR ADDRESS RESIDES IN R31. SINCE WE HAVE CHRNGED RKi BV THE END OF Ti Wti. 
HUST EXTRACT RLL NECESSRRV A AND B FIELD INFORMATION DURING Tl. B IS NOT USED. 
i::UT R HOST BE TRANSFERED TO FCOD <WE HAVE NOW RLTERED FCOD). 

THE FETCH SEQUENCE EXPECTS THE NEXT INSTRUCTION TO BE flVRILRBLE ON THE COD BUS 
BV THE END OF T2. WE CRN PROVIDE THIS BV STRETCHING T2.. RND EXECUTING R 
RERD CS(HPC+2) RT THE BEGINNING OF THRT T-STEP. T3 RND T4 NOW CRN FUNCTION THE 
SRf'lE RS IN THE LDCSR INSTRUCTION ABOVE. THE ONLV DIFFERENCE WILL BE OUR REST- 
ORRTIuN OF FCOD TO THE VALUE 21. AS REQUIRED BV OUR NEW CONVENTION. 

IT IS POSSIBLE TO DEFINE AN LDNW INSTRUCTION WITHOUT THE RBOVE CONVENTION.. BUT 
■|HE FETCH DEFINITION tlAV NOT BE APPLIED. WE ALSO WILL REQUIRE TWO RDDITIONRL 
■| - P E K I D S B S F L L W S . 
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lOHH: "WITH NO CONVENTIONS" 

* INSTRUCTION EXECUTION CODE "" INSTRUCTION FETCH CODE 

II t< 

?;. . . RcftD CS<riPC + i>, R->FCOD "" 

. S. . REftD CS<COD>.. GRTE CS 

. . S. "" REfiD CS<MPC-!-2>., MPC PLUS 2.. LORD NPCCCS> 

...S "" RERD NS.. GfiTE NS.. LORD R3± 

3N Ti RBOVE WE RERD THE WORD FROM MPC+i ONTO THE COD BUS. BUT WE DO NOT 6RTE IT 
INTD LOCfiL STORE. WE RLSO SET UP FCOD, THEN, IN T2.. WE POINT THE CONTROL 
5^T0R!-: RDDRESS SELECT DIRFCTLV RT THE DRTR ON THE COD BUS, RND USE THIS RS OUR 
i)>Un RDDRESS. T2 flUST COMPLETE THE DRTR RCCESS IN ORDER TO FREE CONTROL STORE 
i-OR R THIRD RERD.. WHICH ilUST BEGIN IN 12 IF WE RRE GOING TO COMPLETE THIS NRNO-- 
PROORRn WITHIN ONE NRNOWORD. 

K'DTE THRT IH BOTH OF THE LDNW EKRMPLES WE PERFORM THREE RERD CS OPERRTIONS. 
ONE IS REQUIRED TO RERD THE DRTR RDDRESS. RNOTHER TO RCCESS THE DRTR.. RND THE 
•IHIRD TO FETCH THE NEXT INSTRUCTION. ONLV THE ORDER OF EVENTS HRS CHRNGED 
niETWEEN THE TWO METHODS. fi LDNWLfl (LOOK fiHEfiD> INSTRUCTION SEQUENCE COULD RLSO 
BE WRITTEN IN R SItllLRR FASHION.. SRVING RT LERST ONE T-PERIOD. WE LERVE THE 
PROOF OF THIS RS RN EXERCISE FOR THE RERDER. 

■|HE FOLLOWING EXRMPLE ILLUSTRRTES THE WRITING OF CONTROL STORE. THE STCSR 
INSTRUCTION IS THE COUNTERPRRT OF LDCSR. AND WILL STORE THE LOCAL STORE 
REGISTER IDENTIFIED BV THE fl FIELD. INTO THE CONTROL STORE LOCRTION IDENT- 
IFIED BY THE RBSOLUTE VRLUE OF B. 

STCSR: 

.... FETCH, KR'^21. 

X. . . R->FCID, KR-:>FCIfl, FIPH->R 

. . X. WRITE CS <CIR> 
... X 

•IHRT'S RLL THERE IS TO THRT. FCID IS SET UP IN Ti. RND THE WRITE CS IS 
PERFORMED DURING T3 RND T4. EVERYTHING ELSE IS THE SAME AS IN THE LDCSR 

iUSTRUCTIOH.. RBOVE. 
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?. 4 MICROINSTRUCTION BRANCH NRNOPROGRflMS 

THERE RRE SEVERAL QM-l HRRDWRRE FUNCTIONS THRT SIMPLIFV THE DEFINITIONS OF 
BRRNCH,. OR jUriP.. INSTRUCTIONS. ONLV THOSE BBSIC INSTRUCTIONS WILL !?E EXPLORED 
IN THIS SECTION, MORE RDVRNCED INSTRUCTION FORMRTS (IE. BRRNCH RND LINK> WILL 
BE DISCUSSED IN SECTION F. 6. THREE BRRNCHING EKRMPLES RRE SHOWN BELOW. 
RLTHOUGH RLL OF THE NRNOPRI HI TIVES OF THE FETCH SEQUENCE RRE USED IN ONE OF 
■\l^E EXRMPLES. THE FUNCTIONRL MERNINGS OF THE USE OF ERCH PRIMITIVE DIFFERS 
UKTEHSIVELV. THEREFORE HO PREDEF I N I T I ONS RRE USED IN THRT EXRMPLE. 

•(HE RBILITV TO INCREMENT THE tllCRO-PROGRRM-COUNTER BV THE VRLUES i OR 2, RND 
■10 m£> THE TNO'S COMPLEilENT VALUES OF EITHER THE 6 BIT B FIELD OR iX BIT R RND 
!!; FIELD CONCfiTENRT ION TO THE MPC.. SIMPLIFV THE DEFINITIONS OF SOME FORMS OF 
t.iRRNCH INSTRUCTIONS. THE FIRST EXRMPLE EXECUTES R BRANCH THRT IS RELATIVE TO 
■(HE RDDRE5S OF THE BRRNCH MICROINSTRUCTION ITSELF. BPREL CBRRNCH PROGRRM- 
C:OUNTER RELRTIVE.> ALLOWS R FORWARD BRRNCH OF UP TO 1.. 023 (:DECIHRL> LOCATIONS.. 
RND R BfiCKMRRD BRANCH OF UP TO 1.. 624 LOCATIONS. THE RB FIELD CONCRTENRT IDN 
HBRDi-iARE PERMITS THE FOLLOWING ENCODING. 



X, . . "SETTLING TIME FOR COMPLETION OF MPC + RB CIRCUIT COMPUTRTION. " 

. S. . READ CS aiPC + RB "RB=4".^. LORD NPC <CS>. MPC PLUS RB 

. . X. READ H5 

... X GATE NS.. LORD RKi 

•(HE R RND B FIELDS OF R3i RECEIVE THE NEW MICROINSTRUCTION PRRRMETERS AT THE 
.START OF Ti.. THEREFORE SOME TIME MUST BE RLLOWED FOR THE NEW RB VALUE TO BE 
APPLIED TO THE MPC+AB ADDITION CIRCUIT. FOLLOWING Tl THE PROPER VALUE IS 
AVAILABLE FOR USE AS R CONTROL STORE ADDRESS RND FOR GATING INTO THE MPC REG- 
ISTER. T2 IS USED TO READ THE NEXT MICROINSTRUCTION.. AND TO ROUTE ITS ADDRESS 
INTO MPC. NPC IS ALSO LORDED WITH THE NRNOSTORE ADDRESS. T3 RND T4 THEN RERD 
AND GATE THE NEW NRNOPROGRAM.. AS IN MOST PREVIOUS EXAMPLES. 

PREQUEHTLV THE BRRNCH ADDRESS WILL BE FOUND IN R REGISTER. FOR EXRMPLE.; ENTRV 
INTO A SUBROUTINE MAV LEAVE THE RETURN RDDRESS IN R REGISTER.. REQUIRING A 
SIMPLE TRANSFER OF CONTROL TO THE INSTRUCTION AT THAT RDDRESS UPON SUBROUTINE 
iiXIT. A BR (.BRRNCH-yifl-REGISTER) INSTRUCTION CAN BE DEFINED AS FOLLOWS. 
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. . . Kn=LS. MPC 

KR->FSOD.. fi->FSID, P,->FCIfl 
"RLLCW CIR RND SHIFTER SETTLING TIME. " 
:. HERD CS <CIR>. LORD NPC <CS>. GRTE SH 
..cRD HS. GRTE NS,. LORE? R3i 

)!J THIS EX'RMPLE THE MPC LOCRL STORE REGISTER HRS BEEN SVHBOLICRLLV NRMED 
1. S. HPC... RND IS DEFINED IN THE Ki^ FIELD. SHOULD THE RCTURL ilPC BE fi VRRIRBLE 
<R1:;HEMB£F:.. there RRE 4 POSSIBLE MPC REGISTERS) R CONVENTION MRV BE SPECIFIED 
i-^HEKEBV THE CURRENT UPC REGISTER NUMBER COULD BE FOUND WITHIN R SPECIFIC G~ 
REGISTER. IN THRT CRSE IT COULD BE COPIED FROM THE G HOLDING REGISTER TO FSOD 
f-;s F CM. LOWS. 

S. . . Gc;G. MPC).. G->FSOD.. R->FSID.. R->FCIfl 

■(HE SHIFTER IS BEING USED TO PASS THE RCTURL RDDRESS FROM THE LOCRL STORE 
REGISTER.. DEFINED BV R.. INTO THE CURRENT MPC. CONTROL STORE RDDRESS SEL- 
tiCTIDN REQUIRES THAT THE RCTURL RDDRESS BE fiVRILRBLE RT LERST ONE T-PERIOD 
PRIOR TO THE RCTURL RERD CS OPERRTION. THE RDDRESS WILL NOT BE STRBLE. IN 
■|HF. MPC SOON ENOUGH TO BE REFERENCED BV R RERD CS <MPC), ESPECIRLLV IN R 
OHc HRNOHORD PROGRRM. WE DO.. THOUGH.. HRVE THE RDDRESS RVR I LRBLE IN ITS 
ORIGINRL LOCRL STORE REGISTER. RND MRV REFERENCE THRT REGISTER FOR CS RDDRESS- 
IHG VIR THE CIR BUS. THEREFORE R->FCIfi IN Ti SETS UP THE RPPROPRIRTE CONNECT- 
ION SOON ENOUGH TO RLLOW OUR RERD CS CCIR) IN 11. 

■I HE COMPLETE CONTROL STORE ACCESS IS DONE IN R STRETCHED TS.. RLLOWING NPC TO 
i;!E SET UP FOR USE BV THE READ NS IN T4, T4 IS ALSO STRETCHED.. RLLONING BOTH 
) NIT I ATI ON RND COMPLETION OF THE KRNOSTORE fiCCESS. 

RNOTHER FORM OF BRANCHING RLLOWS PROGRAMMED DECISION MRKING, THE NEXT EXAMPLE 
SHOWS R CONDITIONRL BRRNCH INSTRUCTION. IN THIS CRSE NO RDDRESS IS PRSSED TO 
•!HE INSTRUCTION.. RS IT REQUIRES NO OPERANDS. OUR INSTRUCTION WILL "SKIP" OVER 
•|HE NEXT SEQUENTIRL INSTRUCTION IF THE RESULT OF THE LAST RRITHMETIC OPERATION 
)NSTRUCTION NRS POSITIVE. OR ZERO. THE SKIP-ON-PLUS INSTRUCTION WILL TEST THE 
SIGH INDICATOR OF F~REGISTER FIST. IF THE SIGN INDICRTES A ZERO -CPOSITIVE) IT 
RILL SKIP THE NEXT INSTRUCTION. IF SIGN IS A ONE CNEGRTIVE) IT HILL EXECUTE 
■|HE NEXT SEQUENTIRL INSTRUCTION. 
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5;KIP on PLUS: 
. . , . KS = SIGN 

* FIRST RERD THE NEXT SEQUENT I RL INSTRUCTION. 
S. . . RliRD CS c:t1PC + l>, LORD NFC <C5). SKIP <NOT S> 

H^ SKIP OVER T2 IF CFIST . RND. KS) RRE NOT ZERO. 
, S. . RERD CS <l1PC+2). LORD NPC (CS>.. MFC PLUS 1 
. . S, RERD NS.. MFC PLUS 1 

. . . K GRTE HS.. LORD R3i 

•li, REDVE.. RERDS THE NEXT SEQUENTIRL INSTRUCTION <MPC+1.^ RND PREPRRES THE NPC 
)\-l CRSE T2 IS SKIPPED. IF T2 IS NOT SKIPPED IT WILL RERD THE MICROINSTRUCTION 

rrr i-U'C+s.. rhd execute rn extrr increment mpc operrtion. the lord npc ccs) in 

12 will REPLRCE the VRLUE set into the npc in T1. the CONDITIONAL SKIP TESTS 
■fHE RESULT OF THE LOGICRL "RND" OPERATION BETWEEN THE KS FIELD OF THE NRHO- 
i-'ROGRRM RND FIST. THE SKIP WILL TAKE EFFECT IF THE RESULT OF THE "RND" IS 

"HOT" ZERO. 

RT T;j; THE MPC WILL BE INCREMENTED ONCE, UNCONDI T lONRLLV. IF T2 HRD NOT BEEN 
SKIPF'ED THE MFC WILL BE 2 GRERTER THRN RT THE BEGINNING OF THE SK IP--ON~PLUS 
INSTRUCTION. TS RND T4 COMPLETE THE fiCCESS TO THE RPPROPRIRTE NfiNOWORD, RS 
SELECTED DURING Ti RND T2. 
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?. 5 RRITHMETIC NRNOPROGRRMS (SHIFTS) 

IHI.S SECTION MILL ILLUSTRRTE SEVERRL EXfiflFLES OF RLU.. INDEX RLU. SHIFTER.. RND 
I- RI-GISTER INCREMENT / DECREMENT FfiCILITIES. RLTHOUGH IT IS NOT SHOWN IN RNV 
(iNE EXAMPLE.. RLL OF THESE FUNCTIONRL UNITS MftV BE USED SIIIULTRNEOUSLV RND 
)HDb.p£NDENTLV. ONLV THE STRNDRRD RLU AND SHIFTER fIRV BE USED FOR COHBINED 
rUHCTIONS,. IN SUPPORT OF DOUBLE PRECISION SHIFTS AND RELATED ALU / SHIFT 
OPERATIONS. 

■IHE INDEPENDENCE OF THE ALU AND SHIFTER tIflV BE SHONN IN THE SWRP INSTRUCTION. 
y^mP SIMULTRNEOUSLV EXCHANGES THE CONTENTS OF THE LOCRL STORE REGISTER IDENT- 
)FIED BV THE R FIELD WITH THE REGISTER IDENTIFIED BV THE B FIELD. THE RLU IS 
USED TO TRANSFER R<B> TO RCR.^ WHILE THE SHIFTER IS USED TO TRANSFER R<R> TO 
Ra;:>. THE ALU OPERATION COMMAND IS PASS LEFT, WHICH USES ONLV THE LEFT RLU 
3NPUT AND TRRNStHTS THE INPUT DATA TO THE ROD BUS WITHOUT MODIFICATION. 

SNAP R. B [ R<R>=R<B>; R<B)=R<R) 3 
SNAP: "SWAP THE CONTENT OF THE R AND B LOCfiL STORE REGISTERS" 

.... FETCH, KALC = PASS LEFT 

X. . . A->FSID, B-;>FSOD, B-.>FfiIL 
. X. . A-;>FAOD 

. . X, GATE SH.. GATE ALU 
... X 

NO KSHC FIELD DECLARATION WAS NEEDED RS THE DEFAULT SHIFTER CONDITION <Q> IS 
SINGLE, LEFT, CIRCULAR. fi ZERO SHIFT AMOUNT IS ALSO THE KSHR FIELD DEFAULT, 
AND MILL RLWflVS RESULT IN RN UNMODIFIED SHIFTER OUTPUT. Tl IS USED TO SET UP 
POTH INPUT F REGISTERS, IN ORDER TO BEGIN THE PROPAGATION OF THE DATA THROUGH 
IHE FUNCTIONAL UNITS AS ERRLV RS POSSIBLE. TWO T-PERIODS ARE REQUIRED BEFORE 
■| HE DATA IS STABLE ON THE OUTPUT BUSES. THE OUTPUT F VALUES ARE SET DURING Ti 
RND T2, THE ONLV REQUIREMENT BEING THAT THEV BE SET PRIOR TO THE T-STEP THAT 
GATES THEIR OUTPUTS. THE ALU AND SHIFTER OUTPUTS ARE STABLE AT THE END OF T3, 
KHERE BOTH ARE SIMULTRNEOUSLV GATED. IF R LOOK-AHEAD MICROINSTRUCTION FETCH 
NHS IN USE, IN PLACE OF FETCH, THE ENTIRE INSTRUCTION COULD COMPLETE EXECUTION 
3N ONLV :S T-PERIODS. 

•n\£ ALU MAV BE USED FOR A FULL ASSORTMENT OF ARITHMETIC AND LOGICRL OPERATIONS 
MOST ARITHMETIC OPERATIONS REQUIRE USE OF CRRRV-IN AND CRRRV-OUT LOGIC, WHILE 
LOGICRL OPERATIONS NORMRLLV DO NOT. IN STRNDRRD 18 BIT, TWO'S COMPLEMENT 
ADDITION AND SUBTRACTION THE ALU CRRRV-IN MUST BE CLEARED OR SET, RESPECTIVELV 
USE OF THE OPPOSITE CRRRV-IN WILL RESULT IN A VALUE ONE GREATER THRN THE 
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CORRECT RESULT FOR flDE> OPERRTIONS. RND ONE LESS FOR SUBTRACT OPERRTION^. THI<^ 
MRV i:;E USED TO RDVflNTflGE IN MULTIPLE PRECISION OPERATIONS WHERE LOW ORDER 
MDDITIVE CBRRV-OUTS. OR SUBTRACT I VE BORROWS, REQUIRE CORRECTIVE fiCTION'=^. IN THE 

i-lIC5HER ORDER RESULTS. 

•fHE NEXT EXRMPLE IS R SIMPLE SINGLE PRECISION RDD. THE CRRRV-IN HOLD MUST BE 
CLERRED BEFORE THE RLU WILL BEGIN TO COMPUTE R CORRECT TWO'S COMPLEMENT RDD- 

JTION. 

RDD fl.. B C R<R>--=R<R>+R<E> 3 
fiDD: "RDD LOCRL STORE REGISTER fl TO B, RESULT IN fl" 

.... FETCH.. KRLC = RDD, RLU STRTUS ENRBLE 

X. . . R->FRIL.. B->FRIR, R->froD.. CLERR CIH 
. X. . 

. . X. GRTE RLU.. RLU TO COH 
... X 

fiLL INPUTS RRE DEFINED. INCLUDING THE CRRRV- 1 N-HOLD, IN Tl. THE RLU RESULTS 
RRE RVftlLRBLE FOR GRTING RT THE END OF T3. THE K-VECTOR BIT "RLU STRTUS 
iiNRBLE" WILL NORMRLLV BE USED IN RRITHMETIC AND LOGIQRL MICROINSTRUCTIONS. 
PERMITTING THE RLU STRTUS BITS IN FIST TO BE UPDRTED UPON GRTE RLU THIS 
RLLOWS FUTURE INSTRUCTIONS TO TEST THE RESULTS OF THIS OPERRTION THE RLU 
CRRRV-OUT MUST- BE MRNURLLV TRRNSFERED TO FIST THROUGH THE RLU TO COH COMMRND, 
WHICH RLSO SRVES THAT CONDITION BIT IN THE CRRRV-OUT-HOLD REGISTER IF THIS 
INSTRUCTION IS fi LOW ORDER X-OMPONENT OF R MULTIPLE PRECISION RDD THFN CRRRV- 
£iUT EQUBL TO 1 WILL IND ICRTE. THRT THE RESULt WAS R 19 BIT VALUE. AND WILL 
REQUIRE f-iH ADDITION OF 1 TO THE NEXT HIGHER ORDER ELEMENT. RS STRTED ABOVE. 
•IHIS EXTRR 1 RDDITION MRV BE ACCOMPLISHED DURING THE NEXT RDD OPERRTION BV 
J;ETTING THE CRRRY-IN-HOLD. 

•I HE NEXT EXAMPLE ILLUSTRRTES A DOUBLE PRECISION SUBTRACT INSTRUCTION DSUB 
WILL SUBTRACT ONE PRIR OF LOCRL STORE REGISTERS FROM ANOTHER UNLIKE SOME 
CDNVENTIONRL DOUBLE PRECISION INSTRUCTIONS.. WHERE THE REGISTER NUMBERS IN THE 
INSTRUCTION OPERANDS POINT TO THE HIGH ORDER REGISTERS.. OUR INSTRUCTION OPER- 
RND?; POINT TO THE LOW ORDER REGISTERS (FOR SIMPLIFICATION OF EXAMPLE). IN THIS 
!;XfiM-'LE THE PROPRGRTIOW OF THE CRRRV-OUT FROM THE LOWER PRECISION RESULT TO THr 
CflRRV-JN OF THE HIGHER PRECISION OPERATION IS RCCOMPLISHED THROUGH AN INTERNAL 
CRRRV COMMAND.. "ALU TO BOTH CIH RND COH". 



>\. 
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DSUB R. B [ R<R-i?. R<ft>=R<R-l). R<R>-R<B-1). R>;:B> 3 

DSUB: "SUBTRRCT REGISTER PfilR B FROM REGISTER PRIR fi" 

FETCH.. RLU STRTUS ENRBLE.. KRLC = SUB.. Kfl = RIGHT CTL 
R->FFiIL.. B->FRIR. R-:>FROD.. SET CIH 

DECF->FRIL.. DEC.F->FRIR. R->FSID. GATE RLU.. RLU TO BOTH CIH RND COH 

KR-:>KSHC.. DECr-;>FROD 

GRTE RLU.. RLU TO COH 

•fl SETS RLL RLU LOCRL STORE POINTERS RND THE INITIRL CRRRV-IN-HOLD fiS REQUIRED 

r-OR R SUBTRRCT OPERHTION, THE LDLvl ORDER SUBTRRCT PROCEEDS DURING T2. RT THE 
liND OF T2 THE LOW ORDER RESULT IS GRTED.. THE CRRRV-OUT REQUIRED FOR THE HIGHER 
(^RDER SUBTRRCT IS PASSED BftCK TO THE CRRRV- 1 N~HOLD.. AND THE RLU INPUTS RRE 
i:'ECR£MEHTED BV ONE TO POINT TO THE HIGH ORDER DRTR LOCRL STORE REGISTERS. TS 
IS NOW USED TO DECREMENT THE RLU OUTPUT POINTER.. AND TO SET THE SHIFTER CONTROL 
•10 RIGHT-CONTROL MODE. THIS SHIFT MODE.. RLOHG WITH FSID POINTING TO THE LOW 
ORDER RESULT REGISTER <SET IN T3.>. WILL ENABLE PROPER DETECTION OF THE 35 BIT 
"RESULT ZERO" CONDITION. FINRLLV T4 GATES THE HIGH ORDER RESULT RND SETS THE 
i.aST CRRRV-OUT INDICRTION INTO THE CRRRV-OUT-HOLD. UPON COMPLETION OF THIS 
NRNOPROGRRM THE CRRRV.- OVERFLOW, RND SIGN BITS OF FIST RCCURRTELV DEPICT THE 
IMNAL VALUE OF THE DOUBLE PRECISION OPERATION. THE FIST "RESULT" BIT SHOWS 
-\HZ CONDITION OF THE LOW ORDER 35 BITS OF THE ROD RND SOD BUSES.. RS DETECTED 
L-;S' RECVCLING THE LOW ORDER RESULT THROUGH THE SHIFTER DURING THE GATE RLU. 

•fHE INDEX RLU OPERRTES WITHOUT THE REQUIREMENT FOR RNV flSSOCIRTED F REGISTER 
•fO BE PRESET. RLL INDEX RCTIONS MUST BE STATED.. AND COMPLETED.. WITHIN-ONE 
STRETCHED T-STEP. THE FOLLOWING EXAMPLE MODIFIES THE LDCSR INSTRUCTION.. SEE 
SECTION 7.3.. TO RCCESS R CONTROL STORE REGISTER RELATIVE TO R BRSE RDDRESS 
)KSTERD OF USING AN ABSOLUTE RDDRESS. THE ERSE RDDRESS IS MRINTfllNED IN AN 
X REGISTER NAMED X. BASE. 

LDCSRB A.. B C R< A>=CS<:B+X(BRSE) > D 
I. DCSRB: "LORD REGISTER FROM CONTROL STORE REGISTER PLUS BASE" 
FETCH.. KB = X BASE.. KR = 3.1. 
R->FC:;OD, KA->FCIR.. FIPH-:>A 
S. . INDEX <ADD), INDEX REG CKB? = KR 

READ CS <CIA>. GATE CS 

im: FINAL ADDRESS CONSISTS OF THE ORIGINAL B FIELD CONTENT PLUS THE BRSE 
ADDRESS VALUE FROM X. BASE. THIS ADDRESS IS RERDV AT THE END OF T2. RND MAV BE 
USED BV THE RERD CS NANOPRI MI T I VE RT THE BEGINNING OF T4. IN THIS EXRMPLE THE 
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HDD OPERRTION IS COMflRNDED DIRECTLV WITHIN THE FSEL2 FIELD OF T-VECTOR 12. 
OPTIONRLLV.. THE FSEL2 FIELD MfiV BE USED RS fi POINTER TO R COMMRND IN ONE OF 
•fHE F REGISTERS. THE INDEX REGISTER IS POINTED TO BV THE CONTENT OF THE KB 
FIELD OF THE K-VECTOR.. RND THE LOCRL STORE REGISTER IS POINTED TO BV THE KR 
riELD. THESE REGISTER SELECTIONS MRY ONLV BE MADE THROUGH INDIRECT POINTERS; 
UNLIKE THE COMMAND SELECTION FIELD. 
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SRDRI R.. B L RCR). R<R+1>=R<R>. R<ft + 1>->B 
SRDBI: "SHIFT RIGHT DOUBLE RRITHHETIC IMMEDIATE" 
. . . . FETCH.. KSHC = RIGHT+D0UBLE + RRITHMETIC+RIGHT CTL. 
KflLC=PRSS LEFT. 



fi->FRIL. 
R->FROD.. 

X GRTE ALU.. 



R->FSID.. 
INCF->FSID. 



GATE SH.. 



b-:>kshr.. 

fi->F50D 
INCF-:>FSOD 
RLU TO COH 



CLEAR CIH 
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ADD EXAMPLE ABOVE, THE Ic-VECTOR SH STATUS ENABLE 
ED RT GATE SH TIME WITH THE SHIFTER HIGH BIT AND 

THOUGH ARE STRICTLY THE OUTPUTS OF BITS AND i? 
ATUS ENABLE ALLOWS THE SETTING OF THE SIGN.. CARRY.. 
F FIST. UPON GATE RLU EXECUTION. IN THE CASE OF A 
LOW WILL ALWAYS BE ZERO. CARRY SHOULD ALSO BE ZERO.. 

IN Tl WILL GUARANTEE THIS. SIGN WILL BE SET TO THE 
GN. THE RESULT BIT OF FIST WILL BE SET ZERO IF ALL 

THROUGH 34) ON THE AOD AND SOD BUSSES ARE ZERO.. RS 



(vM1-:i HRRDWRRE: level user's MRNURL NRNODRTR CORPORRTION PR6E B±(:(: 

•(HIS INSTRUCTION IS DEFINED TO SHIFT THE REGISTERS R RND fi+1. THEREFORE THE 
LOW ORDER SHIFT OPERRTIONS WILL REQUIRE THAT FSID AND FSOD GE SET ONE GREATER 
THRH THE VRLUE IN THE R FIELD, THIS IS flCCOIIPL I SHED BV TRRNFERRING THE VRLUE 
OF fl TO RLL REQUIRED F REGISTERS.. RND THEN INCREMENTING THRT VRLUE DIRECTLV IN 
rSID RND FSOD WITH THE 6 SIT INCREMENT FUNCTIONS IN T2 AND TS RESPECTI VELV. 
BOTH INPUTS ARE STABLE IMMEDIATELY AFTER T2.. WHICH WOULD ALLOW THE RESULTS TO 
BE GATED IN A STRETCHED T3: OR AT ANV TIME AFTER T3. FASTER TECHNIQUES FOR 
SETTING UP THE FINAL F REGISTER VALUES MAV BE WORKED OUT, WITH THE INDEX ALU 
rOR EKAMPLE.. REDUCING THE OVERALL TIME REQUIRE FOR THE SRDRI INSTRUCTION. 

AS DISCUSSED ABOVE, WHEN THE ALU RND SHIFTER ARE USED FOR A COMBINED FUNCTION 
•!HE TIME REQUIRED FOR THE PASSAGE OF DATA THROUGH BOTH THE ALU RND SHIFTER 
iiXTENSIOH IS 3 T-PERIODS. AN EXAMPLE OF A COMBINED OPERATION WHERE THIS 
CAPRBILITV HAV BE USED IS IN THE EXTRACTION OF SUBFIELDS OF DATA WORDS TO 
L-KTRACT A SUBFIELD AND RIGHT JUSTIFV THE EXTRACTED RESULT IN A REGISTER WE 
NEED SEVERAL PIECES OF INFORMATION. FIRST THE ACTUAL DATA SOURCE AND THE 
DEST.\HATION REGISTERS MUST BE IDENTIFIED. SECOND THE ACTUAL SUBFIELD WIDTH 
AND POSITION MUST BE DESCRIBED IN SOME FORM. FOR OUR NEXT EXAMPLE WE WILL 
SIMPLIFV THESE ITEMS AS FOLLOWS. THE SOURCE AND DESTINATION DATA REGISTERS 
K'ILL BE THE SAME., AS IDENTIFIED PV THE A FIELD OF OUR MICROINSTRUCTION. THE 
ACTUAL ORIGINAL FIELD WIDTH AND SITUATION WILL BE FOUND AS A PREDEFINED MASK 
IN THE LOCAL STORE REGISTER SVMBOLICRLLV NAMED LS. MASK. FINALLV.. THE RIGHT 
OUSTIFICATION WILL BE DESCRIBED BV R SHIFT AMOUNT SPECIFIED AS THE MICRO- 
INSTRUCTION B FIELD. 

MASK. SHIFT A.. B [ R< A> = <R<fl>&R<LS. MASK> )-:>B 1 

HASK. SHIFT: "MASKED-SHIFT REGISTER" 

FETCH.. KSHC = RIGHT + DOUBLE + LOGICAL, KALC = RND, KA = LS. MASK 

KA->FAIR, A->FAIL, B-:>KSHA.. CLEAR COH 

A->rAOD 



A. 
. X 



X GATE ALU 



ALTHOUGH THE SHIFTER IS ACTUALLY INVOLVED IN OUR INSTRUCTION OPERATION ONLV THti 
HIGH ORDER INPUT AND OUTPUT COMPONENT AFFECT OUR RESULT. THEREFORE FSID AND 
FSOD ARE NOT REFERENCED, NOR IS A GATE SH NEEDED. THE ALU INPUTS ARE SET UP IN 
Ti. THE RIGHT INPUT POINTS TO THE FIXED REGISTER LS. MASK AND THE LEFT INPUT 
POINTS TO THE A FIELD SELECTED INPUT. THE SHIFT AMOUNT IS ALSO SET IN Tl, 
PERMITTING THE ENTIRE OPERATION TO BEGIN IMMEDIATELY FOLLOWING Tl. THE CLEAR 
COH PRIMITIVE IS NECESSARY TO AVOID THE PROPAGATION OF AN EXTRA HIGH ORDER BIT 
INTO THE RESULT DURING THE LOGICAL SHIFT OPERATION. THE ALU OUTPUT SETTING HAY 
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nr HRDE RNV TIME PRECEDING THE GRTE RLU. THE ALU FUNCTIONS flS FOLLOWS. FIRST 
•(HE LOGICRL PRODUCT OF THE CONTENT OF REGISTER fl RND THE MRSK REGISTER IS 
COMPUTED. THEN THRT RESULT IS SHIFTED RIGHT, WITH LEFT ZERO FILL, RND PLACED 
ONTO THE ROD BUS. THIS NORMRLLV TWO STEP OPERATION IS NOW COMPLETE IN ONE 

iiXTEHDED RLU-5HIFTER OPERATION. 
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?. 6 MULTIWORD NfiNOPROGRBfIS 

HHZH THE ALGORITHM FOR R NRNOPROGRRM REQUIRES MORE THfiN 4 T-STEPS RDDITIONRL 
ixRHCH'iOr^D? MUST BE USED. THERE RRE SEVERRL RLTERNRTIVE METHODS THRT HRV BE USED 
}N IRRHSFERRING CONTROL BETWEEN NftNOWDRDS. SELECTION OF THE flPPRCPRIBTE HETHOf) 
RECoUIRES KH0I4LEDGE OF THE PROGRRMMING CONVENTIONS IN USE WITHIN THE SET OF 
RESIDENT HRi-iOPROGRRtIS IIRKING UP THE ACTIVE NflWOSTORE ENVIRONMENT. THE MOST 
SllAPLE NRNOSTORE ENVIRONMENT WOULD BE ONE WHERE THERE RRE, NO NRNOWORDS SHRRED 
i;'.V [.-'IFFERENT HftNOPRCGRnHS. IH MOST HRNCPROGRRMMI NG THE PROQRRMMER TRIES TO 
)l)£miFW RLL COMMON SETS OF PROCEDURES. IF THERE EXISTS FREQUENTLV REPERTED 
i;s;iT CODE.. FROM SEVERRL NRNOPROGRRMS.. IT MRV BE POSSIBLE FOR ALL TO USE THE 
ShME LRST NRNOWORDS (REFERRED TO IN THE FUTURE RS COMMON TRIL NRNONORDS>. IN R 
SJMILRR MRNNER.. IF THERE EXISTS FREQUENTLV REPERTED SETS OF NRNCCODE WITHIN 
DIFFERENT NRNOPROGRRMS THEN IT MRV BE POSSIBLE TO SET UP R COMMON BODV NRNO- 
SUE-ROUTINE.' 

JHITIRL ENTRV INTO THE FIRST NRNOWORD OF fi MICROINSTRUCTION INITIfiTED NRNOPROG- 
RRM USES "LORD NPCc:CS>" TO SET THE ENTRV RDDRESS INTO THE NRNOPROGRRM COUNTER. 
THE NPC MRV BE MODIFIED FROM OTHER SOURCES. THE KN FIELD OF THE CURRENT NRNO- 
KORD MRV BE TRRNSFERRED INTO NPC. USING LORD NPC(KN>. NPC MRV BE INCREMENTED 
i;;V ONE.. FOR ERCH USE OF LORD NPCCSEQ). CONTROL MRV RLSO BE TRRNSFERRED N1TH0U7 
KODIFVING THE CURRENT NPC. USING THE NRNOBRRNCH SELECTION MECHRNISM. IN THIS 
CRSE THE KN FIELD IS USED DIRECTLV TO RERD THE NEXT NRNO5T0RE LOCRTION. 

RN EXRMPLE OF THE ENTRV /EXIT PROCEDURE FOR CRLLING ON R NRNO-SUBROUT I NE MRV 
HiE TO REQUIRE THE CRLLING NRNOPROGRRM TO SET THE RETURN NRNOSTORE RDDRESS INTO 
IHE NPC PRIOR TO ENTERRING THE SUBROUTINE. THIS MRV BE RCCOMPHSHED BV EITHER 
JNCREMENTING THE NPC WITH LORD NPC<SEQ-^. OR BV RCTURLLV SETTING UP THE ENTRV 
RDDRESS OF THE NEXT NRNOPROGRRM USING THE NEXT MICROINSTRUCTION OPERRTION CODE.. 
klTH LORD NPC<CS>. TRRNSFER TO THE SUBROUTINE MOULD THEN BE VIR NRNOBRRNCH 
RDDRESS SELECTION.. NITH THE BRRNCH<RDDRESS> NRNOPRIMIT I VE. THE SUBROUTINE 
ITSELF MRV TRRNSFER TO MULTIPLE NRNOWORDS USING ONLV -THE NRNOBRRNCH MECHRNISM. 
•fHIS SUBROUTINE WOULD EXIT BV SIMPLV RERDING NRNOSTORE WITHOUT RNV RLTERRTION 
OF NPC THE LOCRTION RERD WILL BE THRT ORIGINRLLV DESIRED FOR THE RETURN.. BV 
•fHE CRLLING NRNOPROGRRM. FOR EXRMPLE : 

CRLLER C 3 SUBROUTINE 

C D 

BRflNCH<SUBROUTlNE> C3 
TCN? LORD NPCCSEQ? CD KM) RERD NS,. GRTE NS 

•i<N + i.^ RERD NS.. GRTE NS [3 "RETURNS TO CRLLER + 1" 
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•I HE FOLLOWING EXRMPLE DEFINES THE BRLTNW (BRANCH RND LINK ON TRUE TO NEXT WORD> 
INSTRUCTION. THIS INSTRUCTION REQUIRES TWO NRNOHORDS. THE TECHNIQUE U^.ED FOR 
NRNOSTORE RDDRESS MODIFICRTION IS INCREMENT NPC, THE BRRNCH AND LINK OPERATION 
TAKES PLACE ONLV WHEN AT LEAST ONE OF THE BITS SELECTED IN THE B FIELD IS ALSO 
SET IN FIST. IF NONE OF THE SELECTED BITS ARE SET CONTROL PROCEEDS TO THE NEXT 
SEQUENTIAL INSTRUCTION. 

BRLTNW A,, v.. B 
r IF «; B .AND. FIST > THEN R<R>=MPC + 2, MPC = V, ELSE t1PC=MPC + 2 3 
BRLTNN: "BRANCH AND LINK TO CS<V) ON TRUE" 
. . . . LEGRL MICRO OP ENTRY. KB = LS. MPC 

MFC PLUS 2, LORD NPC CSEQ) 



B->KS. 




KB->FSID 


KB->FCOD, 




A-.>FSOD.. 


READ CS <MJ 


PC>, 


LOAD NPC 


READ NS.. 




GATE NS.. 


ALL ON I NTS 






GATE SH.. 




GATE CS 


READ CS <CI 


DD>, 


LOAD NPC 


READ NS.. 




GATE NS.. 



<cs> 



READ CS (MPC + 1>. READ NS.. GATE NS <NOT S> 
LOAD R31 



<CS) 



LORD R:<i 



IN THE FIRST WORD.. Tl AND T2 SET UP THE "S" TEST CONDITION FROM THE B FIELD AN 
l-KECUTE THE TEST. IF THE RESULT INDICATES "FALSE" THEN CONTROL STAVS WITHIN 
•I HIS WORD,. FETCHING THE NEXT SEQUENTIAL MICROINSTRUCTION. OTHERWISE.. CONTROL 
•IRflNSFERS TO THE NEKT SEQUENTIAL NRNOWORD WHERE THE RETURN MPC ADDRESS IS 
SAVED IN R<A> RND MPC IS SET TO THE VALUE OF THE SECOND WORD OF THE BRLTNW 
INSTRUCTION ITSELF. THE SHIFTER IS USED TO PRSS THE OLD MPC TO R<A>. CONTROL 
STORE OUTPUT DATA BUS IS USED TO SUPPLV THE ADDRESS FOR THE READ CS IN T2 OF 
WORD 2.. RND FOR THE NEW MPC VALUE VIA GATE CS IN Tl OF WORD 2. 

•|HE FIRST READ NS IN WORD 1 READS WORD 2. THIS RDDRESS IS SELECTED IN Tl VIA 
•!HE LOAD NPC <SEQ>. IF NOT USED. NPC IS RELOADED FROM THE MICROINSTRUCTION 
SELECTED NRNOSTORE ADDRESS IN T."?. 

NOTE THAT ALTHOUGH IT APPEARS THAT THE ORIGINAL MPC VALUE IS INCREMENTED BV 2. 
IN Ti OF WORD 1.. THE READ CS <MPC + 1J IN T2 STILL USES THE ORIGINAL MPC VALUE. 
THIS OCCURS BECAUSE MPC PLUS 2 IS R TRAILING EDGE OPERATION AND READ CS IS A 
LEADING EDGE OPERATION. DATA PROPAGATION DELAV TIMES GUARANTEE THAT THE MPC 
VALUE CANNOT CHANGE BEFORE THE CONTROL STORE ADDRESS IS COMPLETELY DECODED. 
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•IHE NEKT EXRflPLE DESCRIBES RH UNSIGNED, 18 EilT flULTIPLV INSTRUCTION THE 
f-lLGORITHM USED IN THIS EXRMPLE USES THE CONVENTIONRL REPETITIVE RDDITION 
•fi^CHNlQUE. IN THIS NRNOPROGRRfl THE RCTURL MULTIPLI CRTION IS DHNE IN R SINGLE 
NHNUKH.iRD. ONE INI T I RL I ZRT I ON WORD AND ONE CDflPLETION NORD RRE RLSO DEFINED 
•fHM RLU RND SHIFTER RRE CONNECTED DURING THE OPERRTION.. RND RS EfirR CONDITIDN- 
RLLV SELECTED RDDITION IS PERFORHED THE RESULT IS SHIFTED RIGHT ONE PLRCE FROd 
•fHE RLU TOWRRD THE SHIFTER. UPON COMPLETION THE PRODUCT HAS REPLflrFD THE 
HULIIPLIER RND MULTIPL I CRND.. IN THEIR ORIGINRL REGISTERS THE FOLLOWING 
DiHGkBH SHOWS THE RLU-SHIFTER ORGRNIZRTION FOR THIS PROGRRtI 



PRODUCT OUTPUT <ROD> 



RDD/PRSS TEST BIT 



PRODUCT/Z/fiULTI PLIER " " 
OUTPUT <SOD> 



ICRRRV! 

i OUT !•--> 

IHDLD. : 



SHIFTER LEFT HRLF 



-->! SHIFTER RIGHT HRLF ""! 



! CRRRV 

!< 

OUT 



,'■ f ,■ ,' // // // / / 

.-V // // // // /-—/ <siD> OFFSET MULTIPLIER INPUT 




PRODUCT INPUT (RID 



<RIR) MULT I PL I CRND INPUT 



■fHL RBOVE ILLUSTRRTION SHOWS THE RCTURL RLU-SHIFTER CONNECTIONS DURING THE 

f.'EliOND WORD EKECUTION.. UMULT2.. ONLV. FOLLOl-JING EfiCH RDDITION OPEPRTION THE 

RLU CRRRV-OUT IS PLRCED INTO THE CRRRV-OUT-HOLD REGISTER. THIS f;RRRV VRLUr 

iHEH TRRHSFERED INTO THE ROD HIGH BIT DURING THE RIGHT 

•IHE DECISION WHETHER TO RDD THE I1ULTIPL I CRND INTO 

•iO PRSS THE CURRENT RESULT THROUGH THE RLU TO THF 

IHE CRRRV-OUT-HOLD REGISTER VRLUE AFTER THE SHIFT 

PE SET FROM THE VRLUE OF THE SHIFTER LOW BIT 

CVCLt. 



IS 



(SOD 



HI FT BV 1 OPERRTION. 
THE CURRENT RESULT OR ONLV 
SHIFTER IS MRDE BV TESTING 
OPERRTION. THIS VRLUE WILL 
BIT G> AT THE END OF EACH 
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LIMULT R.. B I R<R>. R<B>--R<R>*R(:b> 3 

UHULT: "HULTIPLV R TIMES B" 

. . . . LEGHL MICRO OP ENTRV.. BRRNCH aiMULT2).. KR = ZERO.. ICE! = LS. WORIC. 

KT - IS, .. KK = PRSS LEFT.. KfiLC = PRSS LEFT.. 

KSHC :- RIQHT + SINGLE + LOGICRL + RIQHT CTL 
X. . . R->FfiiL.. k:b-.>frod,. B->FSID.. CLERP CIH 
. S. . l<B-:>FriIR.. R->FROD, B-.->FSOD, GATE RLU.. RERD CS (IIPC+l.^.. MPC PLUS 1.. 

LORD NPC <C;S> 
■ ■ ^- KR->KRLC. KX-:>F. PBSS.. SH TO COH, RERD N£ 

. . . S KT->r. COUNT.. GRTE ALU.. GRTE NS 

: UMULT2 - N. "CONT IMURT I ON OF UNSIGNED MULTIPLV" 

. . . . BRhNCH <H. +1.?. KRLC = PASS LEFT. KSHC = RIGHT + DOUBLE + LOGICRL, KSHR = 1> 

KT - CRPRV.. KX ^ F ZERO,. KB = RDD 
S. , . KB->KBLC.. SKIP (HOT T> 
. X. . F. PftS5->KRLC. 

. . S. RLU TO COH.. RERD NS, GRTE NS <X), DECF->F. COUNT 
. . . X SH TO COH.. GRTE RLU.. GATE SH 

: "COMPLETION OF UNSIGNED HULTIPLV" 

. . . . ALLOW INT5., KSHC ^ LEFT + DOUBLE + LOGICRL + RIGHT CTL.. KRLC = PfiSS LEFT 
RLU STATUS ENABLE 



X. . . 



ALU TO COH.. GATE ALU.. GRTE SH, RERD NS, GRTE NS.. LORD R5i 



•!HE FOLLOWING DISCUSSION WILL COVER THE ACTION OF EACH NRNOWORD IN THE RBOS.'E 
i;XA!'1f--'LE. IN THE INITIALIZATION WORD, Tl PREPARES THE RLU TO PRSS THE HULTI- 
PLICAND TO LOCAL STORE REGISTER LS. NORK FOR USE AS THE MULTIPLICAND SOURCE 
DURING ADDITIONS. CARRV- I N-HOLD IS ALSO CLEARED FOR THE RDD OPERATIONS THAT 
WILL FOLLOW. T2 EXECUTES THE GAT^ RLU, SAVING THE MULTIPLICAND. THE RLU AND 
SHIFTER BUS CONNECTIONS ARE COMPLETED. ALL MICROINSTRUCTION FETCH ACTIONS ARE 
COMPLETED: RERD CS a'1PC-H.>.. LOAD NPC <CS>, AND MPC PLUS 1, THE NEXT NRNOPRO- 
GRflM ADDRESS IS NOW SELECTED, BUT WILL NOT BE REFERENCED UNTIL THE READ NS IN 
•|HE COMPLETION WORD. T2 CHANGES THE ALU FUNCTION TO ZERO, WHICH WILL CLEAR 
IHE INITIAL PRODUCT VALUE IN R<R>. AN F REGISTER NAMED F. PASS IS INITIALIZED 
WITH THE VALUE OF THE ALU PASS FUNCTION. COH IS SET TO THE VALUE OF THE 
RIGHT MOST PIT OF THE MULTIPLIER, TAKEN FROM SID BIT 6 USING THE "RIGHT CTL" 
I- UNCTION OF THE SHIFTER. NRNOSTORE LOCATION UMULT2 IS RERD. FINALLY, T.4 SETS 
r-iW F REGISTER NAMED F. COUNT TO THE VALUE 18 <DECIMAL.>, WHICH WILL BE USED BV 
UMULT2 RS A COUNTER DURING ITS 18 LOOPS. REGISTER R<;R> IS ZEROED VIA THE RLU, 
AND CONTROL IS TRANSFERED TO Tl OF UMULT2. 
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Ut1ULT2 PERFORMS THE RCTUfiL MULTIPL ICRTION. THIS REQUIRES IT TO REPERT ITS 
i-'ULL 4 T-STEPS 18 TIMES. Ti IS USED TO SET THE RLU CONTROL TO RDD I10DE.. RNO 
•|0 DETERHINE WHETHER TO CHRNQE THE FUNCTION TO PRSS LEFT. IF THE CURRENT 
RIGHT-MOST BIT OF THE MULTIPLIER IS fi 1 THEN T2 WILL BE SKIPPED.. LERVING THE 
flLU SET FOR RN RDD OPERATION. IF R THEN T2 IS EXECUTED RND THE RLU NILL 
NOT RLTER THE RESULT DURING THIS LOOP CVCLE. T3 TRRNSFERS THE RLU CRRRV-OUT 
(:Oi<'DrriON TO THE CfiRRV-CUT~HOLD.. RS REQUIRED BEFORE THE RCTURL GRTE RLU IS 
PERFORMED, TO PRESET CRRRV-OUT-HOLD WITH THE CORRECT VRLUE TO BE PROPRGRTED 
)HTO THE SIGN BIT POSITION OF ROD. T3 RLSO RERDS THE NEXT NRNOSTORE LOCRTION.. 
RND MRKES THE DECISION TO TER.MINRTE THE MULTI PL I CRT I ON NHEN F. COUNT IS DECRE- 
MLHTED TO ZERO. T4 NOW COMPLETES THE CVCLE BV GRTING THE NEN PRRTIRL PRODUCT 
)NTO R<R.> RND R<B.-) RLONG WITH THE SHIFTING OF THE MULTIPLIER RIGHT ONE BIT 
POS.TTION. THE SH TO COH OPERATION SETS COH TO THE VRLUE OF THE NEW RIGHT-MOST 
i;;IT ON SOD.. TO BE USED FOR THE RDD/PRS5 DECISION IN Ti FOR THE NEXT LOOP CS'CLE. 

•fHE COMPLETION WORD IS REQUI RED, ONLV IF IT IS DESIRED TO SET FIST TO RCCURRTELV 
PORTRflV THE SIGN, RND RESULT OF THE FINRL 36 BIT PRODUCT. TI IS EMPTV.. RLLOWING 
FOR INTERRUPT RDDRESS SELECTION RND FOR RLU-SHIFTER PROPRGRTION. 12 GRTES THE 
flLU RND SHIFTER ERCK INTO THEIR CURRENT REGISTERS.. UNMODIFIED. ONLV TO CRUSE 
■fHE CORRECT SETTING OF SIGN. RESULT.. OVERFLOW RND CRRRV IN FIST. CRRRV RND 
CiVERFLOW hRE MEANINGLESS IN RN UNSIGNED MULTIPLY OPERRTION. 

SIHOE UMULT2 IS fiCTURLLV R COMPLETE MULTIPLV ROUTINE RNV NRNOPROGRRM REQUIRING 
R MULT I PL I CRT I ON OPERRTION RS ITS LRST PROCEDURE MRV USE IT RS R COMMON TRIL. 
WITH MINOR RLTERRTIONS. UMULT2 MRV RLSO BE USED RS THE FINRL PHRSE OF R SIGNED 
MULTIPLV ROUTINE. 
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i' QM-i I/O SVSTEMS 
J^. 1 GEHERRL 

■IHE QH-1 HBS 8 INDEPENDENT I/O PORTS (SEE SECTION 4.6.. EXTERNRL INTERFACE?. 
riHV OR ALL OF THESE PORTS HRV BE USED FOR CONCURRENT DfiTfi TRftNSFERS RND DEVICE 
CONTROL OPERATIONS. fl QH-i PORT MRV BE INTERFfiCED DIRECTLY TO R USER'S OWN 
ilQUIPMEHT OR TO NflNODRTR STRNDRRD PERIPHERRL DEVICES THROUGH THE Qtl-l CHRWNEL 
CONTROLLER. REFER TO fipPENDIX-R FOR fi DESCRIPTION OF RCTURL QM-i PORT INTER- 
i^RCIKu. 

riGURE 0. IR IS R BLOCK DIRGRRM OF THE STRNDRRD QM-i I/O SYSTEM. NO I10RE THft.N 
CHE CHflHHEL CONTROLLER MRV BE RTTRCHED TO ERCH CPU PORT. UP TO 64 STRNDRRD 
DEVICE CONTROLLERS MRV BE CONNECTED TO EACH CHRNNEL CONTROLLER. MORE THRN 64 
RCTURL I/O DEVICES CRN BE PLRCED ON R SINGLE CHRNNEL DUE 10 MRNV FORMS OF 
liEVICE CONTROLLERS SUPPORTING MORE THRN ONE DEVICE <IE. TRPE DRIVES.. TELECOH- 
KUN.TCRTIONS DEVICES). FOR CONNECTION OF USER OWNED EQUIPMENT TO R OM-1 CHRNNEI. 
CONTROLLER.. REFER TO THE DOCUMENT "NRNODRTR STRNDRRD CHRNNEL CONNTROLLER", 

i5BTR TRRNSFERS RRE MRINTRINED ON R WORD TO WORD BRSIS. RLL DEVICES ON THE 
SRMr CHRNNEL MRV BE TRRNSFERRING DRTR SIMULTRNEOUSLY.. RS LONG RS THEIR 
COMSINED DRTR RRTES DO NOT EXCEED THE DESTINRTION MEMORY fiCCESS SPEED. UP 
•(0 19 BITS RT R TIME RRE TRRNSFERRED BETWEEN THE PORT RND DEVICE.. OVER ERCH 
fiCTIVE CHRNNEL, WHEN DRTR IS BEING PRSSED DIRECTLY TO R-CPU PORT THE CPU 
IS INTERRUPTED PERI ODICRLLY.. IN ORDER TO ROUTE ERCH DRTUM BETWEEN THE I/O 
PORT RND RPPROPRIRTE OM-1 MEMORY. THE STRNDRRD QM-i DEVICE CONTROLLERS 
!',RINTHIN DRTR ROUTING INFORMRTION FOR THE DURRTION OF THE FULL DRTR BLOCK 
■.'RRNSFER. THIS CONSISTS OF fiUTGMRTIC STORRGE RND UPDRTING OF THE MEMORY 
RDDRESS POINTER RND BLOCK LENGTH WORD COUNTER. IN ADDITION.. THE CPU IS 
tv'OTIFIED RT THE END OF OPERRTION OR OF OTHER PROGRRMMRBLY SELECTED CONDIT- 
IONS.; SUCH RS DEVICE ERRORS.. DEVICE READY STRTE CHRNGE.. WORD COUNT RERCH- 
) NO /LRU.. ETC. 

QH-l SYSTEMS EQUIPPED WITH THE OPTIONRL MULTIPORT MAIN STORE INTERFRCE MRV 
•fRKE RDVRNTRGE OF THE DI.RECT MEMORY ACCESS <DMR> PATH. WITH THE ADDITION 
OF THE RPPROPRIRTE DMA CHRNNEL CONTROLLERS.. I/O DRTR TRANSFERS MAY PROCEED 
WITHOUT CPU INTERVENTION. IN DMA OFERRTING MODE THE CPU IS USUALLY INVOLVED 
IH THE DRTR TRANSFER OPERRTION ONLY RT INITIATION.. RND FOLLOWING TERMINRTION. 
■fHIS PERMITS DEVICES WITH HIGH SPEED DRTR TRANSMISSION RRTES TO BE ACTIVE 
U'lTHOUT ADDING RNY DIRECT CPU OVERHEAD. LOW SPEED DEVICES MAY ALSO UTILIZE 
■[HE DMA PRTH.. RT THE I NSTALLRT I ON" S OPTION. 
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■fHE STRNDRRD QM-i MULTIPORT MEMORV CONSISTS OF UP TO 8 EXTERNAL PORTS. RT 
LERST ONE OF THESE PORTS MUST BE CONNECTED TO THE NORMRL CPU MRIN STORRGE 
i-iCCESS BUS. RN RDDITIONRL PORT IS REQUIRED FOR EACH CPU WITHIN R MULTl- 
PRDCESSOR ENVIRONMENT. RLL REflRINING MRIN STORE PORTS MRV BE CONNECTED TO 
INDIVIDURL DtlR CONTROLLERS.. PERMITTING UP TO SEVEN DMR CONNECTIONS. WHEN 
KRIN STORE IS CONFIGURED RS R FOUR WAV INTERLEAVED MEKORV <?.5i3 NANOSECONDS 
PULL CVCLE.. 18 BIT RCCESS) RN RGGREGRTE DRTR RATE OF OVER IS MILLION BVTES 
l-'KR SECOND MRV BE RERLIZED. 

THE FOLLOWING SECTIONS DESCRIBE THE INDIVIDUAL COMPONENTS OF THE QH~i I/O 
SVSTEM IN FULL DETAIL. FOR R THOROUGH UNDERSTANDING OF QM-i I/O IT IS 
RECOMMENDED THAT THE READER ALSO BE FRMILIRR WITH THE QM-1 EXTERNAL INTER- 
RUPT MECHANISM (SECTIONS 4.5.2 RND 4. 5. 4. 2>, EXTERNAL STORE (SECTION 4.2.?).. 
FIND THE EXTERNAL INTERFACE ORGANIZRTION (SECTIONS 4. 6 RND 5. 4. 4>. 
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A 
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A 






u 



DMA 



C 

D 



o 



QM-1 CPU 



PORT O 



PORT » POR.T £ 



PORT 3 



PORT 4. 



PORT 5 



PORT (ij 



PORT ■? 



5 STANDAC^C 
I/O PORTS 



CHAM MEL 
CONiTROLLE^ 



C0^4TR0LLeR 



; DEVICE I 
COMTROLLEPf 



DRIVE 



oevict 

CO>4TR0LLER 



DSAA 
C0>4TR0l\.ER 




PRlNiTER J 



DMA 

controller; 



PORT O I POR-'- t 



POR-" 2 



:::'o; 



P0??-r 4 



P ^ 1-^. -r. — 



PO^T <B 




DMA PO.-^T5 



QM-1 MAIM STORE 

(QMA; DiPECT MEMORY ACCESS PAT M ) 

FIG S.IA- QM-l bTANJDARD 1/0 SYSTEM 
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?:. 2 QM-l I/O OPERRTION 



GENERRL 



•IHE «H--i'S I/O SYSTEM.. BEING CONSISTENT WITH THE DESIGN OF QM-i.. CONSISTS 
OF INDI'v'JDURL FUNCTIONS NHICH MflV BE UTILIZED IN NUMEROUS W8VS TO MOVE 
IKFDRMHT I OH INTO RND OUT OF THE QM-l CPU. THE FOLLOWING SECTION IS R DES~ 
CRIPT.10H OF THE RELRT I ONSHI PS BETWEEN THE VRRIOUS I/O SUPPORT FUNCTIONS RND 
THEIR OVERRLL OPERRTION RELRTIVE TO THE REST OF THE CPU. SECTION 8. 2. 2 IS 
CONCERNED WITH THE DRTR ROUTING SUPPORT FflCILITIES OF QM~i I/O.. RVRILRBLE 
BT THE PORTS.. WHILE SECTION S. 2. 2 DISCUSSES THE INTERRUPT RELRTED OPERRTIONS. 
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i^.2.2 Qt1-1 PORT OPERRTION 

<W.-C:TION 4.6 DESCRIBES R QM-1 PORT AND THE FRCILITIES AND CONTROLS fiVRILRBLE 
I- OR I/O SUPPORT. THIS SECTION IS THEREFORE DEVOTED TO THE RELATIONSHIP OF 
•IHESE CDHTRDLS TO EACH OTHER AND TO OVERALL CPU TIMING. 

(HE FIRST PIECE OF INFORMATION NECESSARY FOR RNV PORT OPERRTION IS "KA". 
•!HL' LOW THREE BITS OF "k'A" SELECT THE PORT AT NHICH AN OPERATION WILL BE 
PERfORHED. "KA" MUST BE STRBLE ON THE LEADING EDGE OF THE T-PERIOD IN 
WHICH ftN I/O OPERATION IS TO TAKE PLACE. THE FOLLOWING PROGRAM SEGMENTS 
fILL TRV TO SEND AN XIO SIGNAL TO PORT THREE <3>. THE FIRST TWO ARE VALID 
i.'HILl-: THE THIRD FAILS. 



. . . . KA = 3 "SELECTS PORT S" 

X. . . XIO 

: "ASSUME FLIV CONTAINS 2" 

X. . . FLIV->KA 

. X. . "WRIT FOR PORT SELECTION" 

. . X. XIO 

"ASSUME FLIV CONTAINS 2" 

X . . FLIV-:>KA 

X XIO "FAILS BECAUSE KA WAS NOT DEFINED IN TIME" 



■IHESE THREE EXAMPLES HOLD FOR RIO AS WELL. 
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THE RELATIONSHIP OF LORDING R PORT REGISTER TO RN OPERRTION ON THE PORT 
3:S VERV IMPORTRNT, THE FOLLOWING PROGRRM SEGMENT GRTES I1RIN STORE INTO 
PORT REGISTER 3 <EXTERNRL STORE 3 VIR FMOD = 32 + 3, SEE SECTION 4. 2. 6> 
l-iHD THEN SENDS XIO TO PORT 2. THE DRTfi WILL BE VALID AT THE TIME OF XIO. 



.... KR = 3 "SELECTS PORT 3", KB = 43 "OCTRL.. 35. DECItIRL" 

X... KB->FrlOD "POINT MOD TO ES<3>" 

.X.. GRTE MS "GRTES MOD TO ESC3V 

, . X. XIO "SENDS DRTR TO DEVICE" 

IF XIO HRD BEEN IN T2 INSTERD OF T3 THE OLD VRLUE IN ES<3) WOULD HRVE BEEN 
flT THE PORT WHEN XIO OCCURRED. 

■[HE SAME TIMING HOLDS WHEN THE EXTERNAL STORE REGISTER IS BEING LORDED FROM 
LOCAL STORE VIA THE LORD ES NANOPRIMITI VE. 

DRTR BEING RERD INTO THE CPU HRS MUCH THE SAME TIMING RS THE LORD ES FUNC- 
■flDN. THE RIO PRIMITIVE CRUSES THE DRTR RT THE "KA" SELECTED PORT TO BE 
LORDED INTO THE ASSOCIATED PORT REGISTER. THIS FUNCTION IS LEADING EDGE 
WITH "TRAILING EDGE RESULTS". THIS MERNS THRT THE TRANSFER IS STARTED ON 
•|HE LEADING EDGE AND COMPLETED ON THE TRAILING EDGE OF THE T-PERIOD. THIS 
)S niFORTHHT RS SHOWN IN THE FOLLOWING PROGRAM SEGMENT. 

3 RND FEOD =1" 

THE DRTR FROM PORT 3 INTO PORT REGISTER 3.. ES<3>" 
THE SRME DRTR INTO LOCAL STORE REGISTER i" 

THE GRTE ES IS VRLID, SINCE THE RIO WAS COMPLETED BV THE TRRILING EDGE OF 
THE FIRST T-PERIOD OF THE STRETCHED T-STEP. THE GATE ES THEN TOOK PLACE 
AT THE TRRILING EDGE OF THE SECOND T-PERIOD OF THE SRME T-STEP. 

•|HE 6 BIT TRANSFER PRIMITIVE "10 ID -> F REG" IS fl STANDARD TRRILING EDGE 
I^UNCTIDH WHICH GRTES THE CONTENTS OF THE I/O ID LINES OF THE "KR" SELECTED 
PORT INTO THE SPECIFIED F-REGISTER. TIMING IS THE SRME RS XIO AND RIO 
WITH RESPECT TO "KA" PORT SELECTION.. HOWEVER IT IS A TRUE TRAILING EDGE 
FUNCTION WHILE XIO AND RIO ARE LERDING EDGE WITH TRRILING EDGE TIMING. 



"RSSI 


LJME 


FEOR = 


KR = 


_i 




RIO 




"RERD 


GRTE 


ES 


"GRTE 
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•filt TNO SIX BIT BUSES FROM THE QM-i TO THE PORTS ftRE THE "G-BUS" RND THE 

^■PHhNTOM-BUS" (SEE SECTION 4, S>. RLL FOLLOWING TEXT WILL REFER TO THESE 
S;;USSE£ as TriE '^DEVICE SELECTION" RND "CPU COMMAND" BUSSES RESPECT ! VELV. 
■IHESE TERMS REPRESENT SUGGESTED USES OF THESE TWO SIX BIT DRTR PRTHS.. RND IK 
KO WRV LIHITS THEIR USE FOR RNV OTHER PURPOSE. NRWODRTR STRNDRRD QH-1 1/0 
HQUiPMENT USES THE SIX BITS OF THE "G-BUS" TO SELECT ONE OF SIXTV FOUR (64> 
[DEVICE CDH-^RDLLERS Ofl P, CHRMHEL WHILE THE "PHRWTOn-BUS" IS USED TO SPECIFV 



(w^E OF SIXTV 
II CriHHi-JEL. 



OUf 



wUrii'U 



TO BE PERFORMED WHEN RN XI SIG?-iRL IS SENT TO 



OF THE COMMRND RND SELECTION LINES IS SUCH THRT THEV ARE STRBLE 
r-'.T XIO TIME IF THEV RRE SPECIFIED WITHIN THE SRriE T-STEP fiS THE XIO SIGNRL. 
■flit FOLLOWING PROGRFiH SEGMENT PLftCES THE VRLUE M" ON THE COMMRND LINES.. THE 
S'RLUE "?5" OH THE DEVICE SELECT LINES.. RND SENDS XIO TO PORT 3. 



KR = 3 "PORT NUMBER".. KB = 75.. KX = 4 

G<G KB.> "VRLUE OF KB < = ?5> OUTPUT ON DEVICE SELECT LINES" 

KX->FIPH "VRLUE OF KX <^B4> OUTPUT ON CPU COMMRND LINES" 



XIO 



'XIO IS SENT TO PORT 3' 



SECTION 4. S DESCRIBES R NUMBER OF SIGNALS USED FOR TIMING AND INTERRUPT 
rURPOSES RS WELL RS R SPECIRL SIGNRL CALLED "MASTER CLERf:". THE MRSTER 
CLERR SIGNAL IS GENERATED WHEN THE CPU IS POWERED ON.. OR WHEN THE "SVSTEM 
RESET" BUTTON IS DEPRESSED. THE SIGNAL IS RVRILRBLE AT THE PORT SO RNV 
liXTERNRL DEVICES MRV BE INITIALIZED ALONG WITH THE CPU. 
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v.. 2. 2 QM-i INTERRUPT OPERRTIOH 

•fHIS SECTION DISCUSSES THE QM-1 INTERRUPT SVSTEM IN TERMS OF PROGRRH TIMING 
(•;HD SEQIJEHCES RftTHER THRN THE RCTUfiL HRRDWRRE UNITS INVOLVED. HENCE R THOROUGH 
UNDERSTfiNDING OF SECTIONS 4. 5. 2 RND 5. 8. 2 IS HECESSRRV BEFORE GOING FURTHER. 

■iHE STRRTING POINT FOR RN EN'TERNRL QM-1 INTERRUPT IS RN INTERRUPT FROM SOME 
!;.KTE;RNBL source. the interrupt is NON in the LRTCHED STRTE. THERE IS NO 
KRV., NITHIN THE CPU.. TO PREVENT RN INTERRUPT FROM LATCHING. ONCE LRTCHED, 
IHE INTERRUPT REMRINS LRTCHED UNTIL RCKNOWLEDGED IN THE NORMRL MRNNER OR 
rLE.RRED BV THE GENERRTE /CLERR INTERRUPT MECHRNISM <SEE SECTION 5. 8. i> OR 
MRSTER CLERR. THE LRTCHED INTERRUPT MUST BE ENRf^iLED BV THE PROGRRMMER IN 
(iRDER TO BECOME PENDING. R LRTCHED INTERRUPT BECOMES PENDING FOLLONiNG THE 
nRST GRTE NS PRIMITIVE RFTER THE CORRESPONDING ENRBLE BIT IS SET. SIMILRRLV.. 
RN i-NRBLED INTERRUPT BECOMES PENDING ON THE FIRST GRTE NS RFTER IT IS LRTCHED. 
IF RN INTERRUPT IS PENDING WHEN ITS CORRESPONDING ENRBLE BIT IS TURNED OFF THE 
INTERRUPT REMRINS PENDING UNTIL THE NEXT GRTE NS. THIS MERNS THRT THE NRNO- 
KORD NHICH CLERRS RNV ENRBLE BITS SHOULD NOT ALLOW INTERRUPTS! 

(!NCE RN INTERRUPT IS PENDING IT BECOMES RVfllLRBLE FOR PRIORITY SELECTION. 
US MENTIONED IN SECTION 4.5.2.. THE- PRIORITY SELECTION MECHRNISMS RRE RCTIV- 
RTED/DERCTIVRTED BY THE RLLOW NRNO AND RLLOW MICRO INTERRUPT NRNOPR IMI T I VES. 
R TIMING CONFLICT RRISES NHEN RERD NS <0F NPO OCCURS IN Tl RND EITHER RLLOW 
)NTERRUPT CONTROL IS RLSO SPECIFIED. THE RESULT OF THE RERD NS IS UNDEFINED 
SINCE THE RERD IS LERDING EDGE RND THE PRIORITY MECHRNISM WRS fiCTIVRTED ON 
•iHE SRME LERDING EDGE. THE OBVIOUS RULE OF THUMB IS NOT TO RERD NS COF NPO 
}N Tl OF RNV NRNOWORD WHICH RLSO RLLOWS INTERRUPTS. 

(HE OVERRLL TIMING OF RN INTERRUPT, FROM LRTCHING TO RCKNOWLEDGEMENT.. IS R 
FUNCTION OF THE EXECUTING NRNOCODE. THE THREE OPERATIONS NECESSRRV TO HRVE 
R LRTCHED INTERRUPT RCRNOWLEDGED (ASSUMING IT IS ENABLED RND ALLOWED) RRE: 

1. GRTE NS CRUSES THE INTERRUPT TO BECOME PENDING. 

2. RERD NS' <0F NPC > RERDS THE INTERRUPT SELECTED NRNOCODE. 

:<.-. GRTE NS GRTES THE INTERRUPT NRNOCODE AND CLERRS THE 

INTERRUPT LATCH RND PENDING FLRGS. 

RN INTERRUPT MRV ALSO BE CLERRED BV GENERATE/CLEAR INTERRUPT (SECTION 5. S. 1>. 
(HE CLERR INTERRUPT FUNCTION CLERRS BOTH THE LRTCHED AND PENDING FLRGS OF RN 
nriERRUPT. THE FUNCTION IS COMPLETED BV THE TRAILING EDGE OF Tl. 
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iL 3 STRNDRRD CHANNEL CONTROLLER 
V'. 3. 1 GENERfIL 

•fHE BEHRVIOR OF THE STRHDRRD QM-l I/O CHANNEL IS SIMILRR TO THAT KNOWN THROUGH- 
OUT THE COHPUTER INDUSTRV RS R "?1LILTIPLEX0R" CHANNEL. THIS MERNS THAT SEVERAL 
5NDEPEHDENT I/O DEVICES HRV BE CONCURRENTLV TRANSFERRING DATA OVER THE SAME 
)/0 CHRNNEL. WITHOUT KNOWLEDGE OF EACH OTHERS EXISTENCE. OF MRJOR INTEREST RT 
IHIS POINT IS THE FACT THAT UNLIKE A CONVENTIONAL tlULTIPLEXOR CHANNEL. NHICH 
SUPPORTS EITHER LOW SPEED DEVICES ONLV OR HIGH SPEED DEVICES WHEN THE LON 

?;pH:Er) devices are inactive., the qm-i standard channel will support an active 

KIXTURE OF both CLASSES OF DEVICES. THIS IS FEASIBLE AS LONG AS THEIR AGGREG- 
PTE DRIB RATES DO HD ! EXCEED THE ACCESS SPEED OF THE DESTINATION HEHORV. FOR 
HKRMPLE. fl HIGH SPsiED DISK TRANSFER OF 806.. 969 BVTES PER SECOND. R TRPE DRIVE 
■fRANSFER OF 90.868 BVTES PER SECOND. AND SEVERAL LOW SPEED UNIT RECORD DEVICES 
<IE. PRINTERS. PUNCHES^ COULD BE ACTIVE TOGETHER OVER THE SAME DMA PATH TO 
HHIH STORE WITHOUT ENCOUNTERING LOSS OF DATR DUE TO INTERFERENCE WITHIN THE 
CHriNNEL. QF COURSE THE SVSTEM DESIGNER SHOULD BE AWARE THAT THERE IS ALWAVS 
■fHt. HAZARD OF LOST DATR DUE TO OHE OR MORE OF THE DESIRED MEMORV BANKS BEING 
■flED UP THROUGH ACT! VI TV FROM OTHER STORAGE PORTS. THE ABOVE MIXTURE WARRANTS 
BEING ASSIGNED TO THE HIGHEST PRIORITV MAIN STORE PORT. 

•[HE QM-l CHRNMEL CONTROLLER COORDI NATES ' THE COMMUNICATION BETWEEN THE QM-i 
CPU AND I/O DEVICE CONTROLLERS.. AND SVNCHRONlSES THE DE^mNDS FOR DATA AND 
STATUS INTERRUPTS TO THE CPU. THE RELATIONSHIP OF THE CHANNEL CONTROLLER TO 
■fHE OTHER ELEMENTS OF THE I/O SVSTEM IS SHOWN IN FIGURE 8. 3. lA WHENEVER THE 
CPU SENDS AN XIO SIGNAL THE CONTROLLER WILL EITHER RESPOND TO THE COMMAND OR 
KILL IHHEDIATELV PASS THE COMMAND TO THE DEVICE CONTROLLER INDICATED. I/O 
C:OHMAHDS ARE DIVIDED INTO TWO CATEGORIES. CHANNEL COMMANDS AND DEVICE 
COMMANDS. EACH COMMAND IS RECOGNIZED RS R SIX BIT QUANTITY. FOUND ON THE CPU 
COMMAND LINES DURING RH XIO SIGNAL CCOMHAND LINES ORIGINATE ON THE PHANTOM 
BUS. SEE SECTION 8. 2. £>. COMMANDS WITH VALUES IN THE RANGE OF 80 - 67 <OCTAL) 
ARE CONSIDERED DEVICE COMMANDS AND ARE PASSED DIRECTLV TO THE DEVICE CONTROL- 
LER IDENTIFIED BV THE SIX BIT QUANTITY ON THE DEVICE SELECT LINES <ORIGINATING 
TROM THE G BUS.. SEE SECTION 8. 2. 2>. COMMANDS WITH VALUES 78 - 77 <OCTAL> RRE 
CHANNEL COMMANDS AND RESULT IN IMMEDIATE CHANNEL CONTROLLER ACTION THE 
.^.-.PECIFIC CHANNEL COMMANDS ARE DISCUSSED IN SECTION 8. 2. 2. 
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tHE CHANNEL fIflV BE CONSIDERED TO HfiVE THREE MODES OF OPERfiTION: DIRECT 
REQUEST.. DfiTR.. RND STRTUS. THE RCTUftL MODE OF OPERRTION IS MfllNTRINED 
OOIHTLV BV THE CHRNNEL CONTROLLER AND EfiCH DEVICE CONTROLLER <DISCUSSED 
3N SECTION S. 4>. DIRECT REQUEST MODE IS fl MOMENTRRV CHANNEL STRTE WHICH 
liXISTS BETWEEN THE TIME OF ISSUANCE OF fl DIRECT REQUEST COMMAND <VIA X10> 
flND THE GATING OF THE DESIRED DATUM <VIfl RIO>. RN EXRMPLE OF RN ACTUAL 
DIRECT REQUEST COMMAND IS "READ HORD COUNT" REGISTER. THIS COMMRND IS TRRNS- 
K IT TED TO R SPECIFIC DEVICE CONTROLLER. THE CHRNNEL CONTROLLER LOCKS 
5TSELF INTO THIS OPERRTION UNTIL AN RIO SIGNAL IS RECEIVED FROM THE CPU.. 
GATING THE REQUESTED INFORMATION INTO THE RPPROPRIRTE I..^0 PORT (ES) REGISTER. 
IT !S THE RESPONSIBILITY OF THE REQUESTING CPU PROGRAM TO ALLOW FOR THE 
PROPAGATION TIME OF THE ORIGINRL COMMAND TO RERCH THE SPECIFIED DEVICE 
(ONTROLLER RND FOR THE DESIRED INFORMATION TO RETURN TO THE PORT DATA LINES. 
y-OR STRMDhRD I/O cable LENGTHS (UP TO 75 FEET FROM THE CPU TO THE CHANNEL 
fiWD DEV.TCE CONTROLLERS. > R 308 NANOSECOND ROUND TRIP IS REQUIRED. THE 
rOLLOWING IS RN EXRMPLE OF A DIRECT REQUEST PROCEDURE.. FOLLOWED BV A TIMING 
DIAGRAM 



GET STRTUS: "FROM CHANNEL R.. DEVICE B" 

Kfl := *+• "PORT SELECTION'S KB = RD. WORDCT "STRTUS COMMAND VALUE" 
HOLD 2 "RETAIN KA AND KB", BRANCH< READ PORT ) "NEXT NRNOWORD" 
R->KR "SET PORT NUMBER INTO PORT SELECT <Kf\>" 

X. ■ "PORT SELECTION SETTLING TIME" . 

. S. G<G B> "DEVICE SELECTION NUMBER FROM B PRRRMETER OF R51" 

KB->FIPH "COMMAND VALUE TO COMMAND LINES" 
XI "INITIATE COMMRND TRANSMISSION" 

"AT LEAST 5 T-PERIODS SHOULD ELAPSE FROM LEADING EDGE OF XIO" 

. . , S READ NS.. GATE NS 

READ PORT: "PORT NUMBER PASSED VIA KA. USING HOLD 2" 

X. . . READ NS 

. X, . RIO "PLACE DESIRED COUNTER INTO PORT REGISTER" 

. X , GATE NS . "EXIT THIS PROCEDURE" 

+ +■ INDICATES AN UNDEFINED VALUE. TO BE SET UP DURING PROGRAM EXECUTION. 
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/ 7 / 8 / 9 / 

S SET PORT SELECT. S„DEVICE CONTROLLER 

TRONSHITS STATUS REGISTER. 

k'HVir DIRFCT REQUEST MODE IS INITIRTED BV THE CPU.. BOTH PftTR RND STRTUS 
t'.ODF--^ RRE SELECTED FROM DEMRNDS „0F THE DEVICE CONTROLLERS. THE RCTURL 
k'OnFICRTIOH BT THE CPU, OF CHRNNEL ENTRV INTO ONE OF THESE HODES IS 
■fHRnilGH DRTR OR STRTUS INTERRUPTS. R STRTUS INTERRUPT ORIGINRTES RT RN 
1/0 DEVmr. RND INDICRTES EITHER R CHRNGE OF STRTE NITHIN THE DEVICE OR 
UH FHD OF OPERRTION CONDITION. RLL CONDITIONS CRPRBLE OF TRIGGERING 
<;TRTU^^. INTERRUPTS MRV BE HRSKED.. UNDER PROGRRHMED CONTROL, flS TO WHETHER 
IHriR OCCURRENCE MRV REQUEST THE INTERRUPT OR ONLV SET R STRTUS INDICRTOR. 
THE CHRNNEL CONTROLLER IS CONTINURLLV I NTERROGRT ING ITS DEVICE CONTROLLERS 
i:nR THf^ PRF'--.ENCE OF R STRTUS INTERRUPT REQUEST FLAG. THIS INTERROGRT ION 
l-'ROCFEDs FROM THE CHANNEL CONTROLLER. DOWN THE PRIORITV CHAIN LINE.. THROUGH 
r-flCH DEVICE CONTROLLER. IN THE ORDER OF THEIR CONNECTION ON THE PRIORITV 
CHRJN, OHCE A STRTUS INTERRUPT REQUEST FLRG IS RECOGNIZED THE CHANNEL 
rONTRfiLLER LOCKS OUT FURTHER STRTUS REQUEST RNRLVSIS AND TRRNSHITS R STRTUS 
MnrRRHPT Tn the CPU. RT THIS TIME THE DEVICE IDENT J F I CRT ION CIO ID> OF 
IMF INTERRUPTING DEVICE, RND ITS INTERRUPT STRTUS REGISTER.. IS RETRINED 
UNTTi CRl LED FOR BV THE CPU NO FURTHER STRTUS REQUESTS WILL BE RCCEPTED 
i;;V THE CHRNNEL CONTROLLER UNTIL THE CPU HRS COMPLETED THE HRNDLING OF THI: 
INTERRnPT. 



r c 



m^ jT-rjiRHCF OF R STRTUS INTERRUPT TO THE CPU PREPRRES THE CHANNEL TO ENTER 
<-.TRTU---. MODE. THIS MODE IS NOT RCTURLLV ENTERED UNTIL THE CPU PROCESSES THE 
<:TnTUr. INTERRUPT. STRTUS MODE MRV BE CONSIDERED A MOMENTRRV CHRNNEL STATE., 
fr" DESCRIBED FOR DIRECT REQUEST MODE ABOVE. IT IS ENTERED FOLLOWING ISSUANCE 
OF THE CHANNEL COMMAND "STRTUS REQUEST" (DESCRIBED IN SECTION 8.3.2) RND IS 
•fFRMJHRTED WITH THE NEXT RIO SIGNAL. TIMING IS THE SAME RS FOR DIRECT REQUEST 
(ABOVE). THE STRTUS INTERRUPT.. "STRTUS REQUEST".. SEQUENCE IS THE ONLV METHOD 
F-ROVIDED FOR ACCESSING RN INTERRUPT STRTUS REGISTER CSEE SECTION 8. 4. 2. 2>. 
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l:RTR INTERRUPT PROCESSIKG IS HANDLED INDEPENDENTLV OF STATUS INTERRUPTS 
USING THE SRHE PRIORITV ORDERED INTERROGATION PROCEDURE DEFINED FOR STATUS 
INTERRUPT REQUESTS <RBOVE>,. THE CHANNEL CONTROLLER SEARCHES FOR THE OCCUR- 
RENCE OF A DATA INTERRUPT REQUEST. THIS INTERROGATION IS NOT AFFECTED BV 
THE PRESENCE OF fl PENDING STATUS INTERRUPT.. NOR WILL THE INTERROGATION FOR 
^'.TfVrUS REQUESTS BE AFFECTED BV A PENDING DATA INTERRUPT. AS SOON AS A DATA 
)HTI-;RRUPT REQUEST IS RECOGNIZED THE CHANNEL IS PLACED ItlHEDIATELV INTO DATA 
KODE. THE SEARCH FOR ANV OTHER DATA INTERRUPT REQUESTS IS INHIBITED UNTIL 
iHE CPU HAS PROCESSED THIS DATA INTERRUPT. THE CHANNEL REMAINS IN DATA MODE 
'JNTJL THE ACTIVE DATUM IS PASSED BETWEEN THE CPU AND l.-'O DEVICE. PRIOR TO THE 
CiCTUnL PROCESSING OF A DATA INTERRUPT.. DATA NODE MAV BE TEMPORARILY SlippRFc:;':-,p-[:. 
!;;V CPU ACTION TO PLACE THE CHANNEL INTO EITHER DIRECT REQUEST OR STATUS MODE. 
I'HEN THE MOMENTARY CHANNEL OPERATION IS COMPLETED THE CHANNEL WILL RETURN TO 

)TS r'Rir,''..'}.ous data state. 

[.'RTR INTERRUPT PROCESSING VARIES.. DEPENDING ON THE DIRECTION OF DATA FLOW 
REQUESTED. A DEVICE CONTROLLER PROCESSING AN OUTPUT OPERATION WILL MAKE 
i'flTR-OUT INTERRUPT REQUESTS OF THE CHANNEL. WHILE INPUT OPERATIONS WILL MAKE 
!>HTn--IN INTERRUPT REQUESTS. WHEN THE CHANNEL CONTROLLER IS PROCESSING A 
DATA-IN INTERRUPT IT WILL REMAIN IN DATA NODE UNTIL EXACTLY TWO (£'> RIO 
SIGNALS HAVE BEEN SENT BY THE CPU. THE FIRST RIO INDICATES THAT THE CPU IS 
i;:li:GINNING TO HANDLE THE CURRENT INTERRUPT. THE INFORMATION PRESENT ON THE 
PORT DATA LINES,. SINCE ENTERING DATA MODE.. IS THE MEMORY ADDRESS AT WHICH 
[HE FOLLOWING DATA WORD IS TO BE STORED. THIS ADDRESS ORIGINATES FROM A 
REGISTER WITHIN THE DEVICE CONTROLLER INVOLVED IN THIS DflTA MODE OPERATION.. 
AND IS DESCRIBED IN bECTION 8. 4. S (DATA ROUTING SUPPORT). THE RIO GATES THE 
ADDRESS INTO THE PORT REGISTER AND THEN ALLOWS THE CHANNEL CONTROLLER TO 
i-ETCH THE ACTUAL DATA WORD FROM THE DEVICE CONTROLLER. THE SECOND RIO GATES 
•|HE DATA WORD INTO THE PORT REGISTER,- AND RELEASES THE CHANNEL CONTROLLER 
FROM DATA MODE. INTERROGATION FOR THE NEXT DATA INTERRUPT REQUEST CAN NOW 
BEGIN. THE CPU PROGRAM HANDLING THE INPUT DATA OPERATION MUST ALLOW FOR 
PROPAGATION TIME BETWEEN THE TWO RIO SIGNALS. IT TAKES APPROXIMATELY 2m 
NRNO^-.ECONDS FOR THE FIRST SIGNAL TO REACH THE DEVICE CONTROLLER AND FOR THE 
RCTURL DATA TO RETURN TO THE PORT DATA LINES <75 FOOT CABLE LENGTHS). 

DATA-OUT INTERRUPT PROCESSING DIFFERS SLIGHTLY FROM DATA-IN OPERATION. 
HKACTLY TWO SIGNALS ARE REQUIRED TO RELEASE THE CHANNEL FROM DATA MODE. IN 
"iMlS CASE AN RIO SIGNAL WILL GATE fl MEMORY ADDRESS INTO THE PORT REGISTER.. 
AS WITH DATA-IN ABOVE. AND AS SOON AS THE SPECIFIED DATA WORD HAS BEEN 
TLACED INTO THE PORT REGISTER THE CHANNEL COMMAND "DATA AVAILABLE" (DESCRIBED 
IN SECTION 8.3,2) IS ISSUED WITH AN XIO SIGNAL. THIS COMMAND TRANSMITS THE 
i^ATUM TO THE I/O DEVICE AND RELEASES DATA MODE. 
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|>URINQ -^^TRTUS MODE fiND Of^TB MODE OPERATIONS THE CPU NEED NOT PROVIDE DEVICE 
<;FLECTI0H INFORNRTION on the Q-BUS lines. this is due to THE CHRNNEL CON- 
VROLiER UNCONDITIONBLLV LOCKING INTO THE DEVICE CONTROLLER ftSSOCIRTED NITH 
■|HP INTERRUPT. ON THE OTHER HRND, THE CPU USURLLV DOES NEED TO KNON THE 
IDENTITV OF THE DEVICE CRUSING RN INTERRUPT. FOR THIS PERSON ERCH DEVICE 
CONTROLLER WILL PRESENT ITS UNIQUE DEVICE SELECTION NUMBER TO THE CHRNNEL"' S 
"10 JD" LINES DURING STRTUS MODE. THE CORRECT "10 ID" WILL BE flVRILRBLE 300 
KRNO'^'.ECOHD''^, RFTER THE ISSURNCE OF THE "STRTUS REQUEST" C0f1MRND> AND WILL 
RFMRIN ^.TRBLE UNTIL RFTER THE RIO RELEASE SIGNRL. DURING DRTR MODE INTERRUPTS 
-t.Hr DEVICE ID IS NORHRLLV UNNECESSRRV.. SINCE THE PRESENCE OF THE MEHOR'-' RDD- 
RFS'-'. I-^. RLL THRT IS NEEDED TO COMPLETE THE DRTR TRRNSFER CVCLE. WHEN USING 
psi-i VIRTURL MEMORV OPTIONS RN RDDITIONRL IDENTIFIER.- CRLLED THE "TRSK ID".. 
T'^; RIQUIRFD TO SELECT THE RPPROPRIRTE STORRGE PARTITION. THE "TRSK ID" RE- 
Pi Hi-.E^. THE DEVICE ID ON THE "10 ID" LINES, RND IS ORIGINRLLV PRESET BV THE 
(iPERRTIHG SVSTEM UNDER PROGRRMMED CONTROL <SEE SECTION 8.4.2.1, DEVICE CONTROL 
RORD>. 
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«!. 3. 2 CHRNNEL COMflRNDS 

SEVEN OF THE EIGHT POSSIBLE CHANNEL COMMfiNDS RRE CURRENTLV ASSIGNED. THEIR 
FUNCTION AND USAGE ARE DESCRIBED BELOW. COMMAND CODE VALUES ARE SHOWN IN 
CiCTRL. TRRNSMISSIDN OF R CHANNEL COMMAND REQUIRES PLACEMENT OF THE COMMAND 
Vf-sLU!^: ON THE PHANTOM BUS LINES DURING ISSUANCE OF THE XI SIGNAL. THE COM- 
MAND JS THEN SENT TO THE CHANNEL CONTROLLER ON THE "KA" SELECTED I-.-'O PORT. 

I/O RESET <78> - RESETS THE CHANNEL CONTROLLER AND ALL DEVICE 

CONTROLLERS ON THAT CHANNEL. EACH CONTROLLER IS SET TO 
ITS INITIAL STATE. ALL INTERNAL REGISTERS ARE CLEARED TO 
ZERO.. AND ALL INTERRUPT FLAGS AND STATUS INDICATORS ARE 
RESET. THIS COMMAND SHOULD BE USED ONLY DURING SYSTEM 
INITIALIZATION. 

DATA AVAILABLE C?l> - USED ONLY DURING DATA-OUT MODE CHANNEL OPERATION.. 

FOLLOWING THE MEMORY ADDRESS GATE RIO SIGNAL. DATA AVAILABLE 
IS ISSUED FOLLOWING PLACEMENT OF THE ACTUAL DATA INTO THE 
APPROPRIATE PORT REGISTER. DATA-OUT MODE IS CLEARED IMMFDI- 
ATELV FOLLOWING THIS COMMAND. 

C?2> - UNASSIGNED AT PRESENT. 

liNAPLE DATA INTERRUPTS <?3> - ALLOWS DATA INTERRUPT REQUESTS TO BE ACCEPTED 

BY THE CHANNEL CONTROLLER AND TO BE ISSUED TO THE CPU. SINCE 
INITIAL CHANNEL CONDITIONS INHIBIT INTERRUPTS THIS COMMAND 
MUST BE USED PRIOR TO DATA TRANSFER OPERATIONSj FOLLOWING A 
"DISABLE DATA INTERRUPTS" COMMAND <74).. AN "1/0 RESET" COMMAND 
CFO). OR SYSTEM "MASTER CLEAR" MANUAL OPERATION. 

DISABLE DATA INTERRUPTS <7A> - BLOCKS THE SELECTION OF DATA INTERRUPTS BY THE 

CHANNEL CONTROLLER. THIS IS AN INITIAL STATE CONDITION <I/0 
RESET). AND MAY BE CLEARED WITH AN "ENABLE DATA INTERRUPTS" 
COMMAND <73j. 

liNAPLE STATUS INTERRUPTS C75> - ALLOWS STATUS INTERRUPT REQUESTS TO BE ACCEPT- 
ED BY THE CHANNEL CONTROLLER AND TO BE ISSUED TO THE CPU. 
SINCE INITIAL CHANNEL CONDITIONS INHIBIT INTERRUPTS THIS COM- 
MAND MUST BE USED PRIOR TO NORMAL CHANNEL ACTIVITY.; FOLLOWING 
A "DISABLE STATUS INTERRUPTS" COMMAND <7e>, AN "I/O RESET" 
COMMAND <?e>.. OR A SYSTEM "MASTER CLEAR" MANUAL OPERATION. 
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DI^-flBLE =;TflTUS INTERRUPTS <76? - BLOCKS THE SELECTION OF STRTUS INTERRUPTS 

BV THE CHBHNEL CONTROLLER. THIS IS RN INITIRL STRTE CONDI- 
TION <I/0 RESET), AND MAY BE CLERRED NITH RN "ENRBLE STRTUS 
INTERRUPTS" COMtlftND <75>. 

<;TRTM<; REQUEST <77) - USED ONLV FOLLOWING fl STRTUS INTERRUPT.. IN ORDER TO 

PLfiCE THE CHRNHEL INTO STRTUS MODE. FOLLOWING ISSURNCE OF 
THI«: COMMRND THE INTERRUPTING DEVICE CONTROLLER PLACES ITS 
INTERRUPT ^-.TflTUS REGISTER ONTO THE PORT DRTR LINES <UP TO i8 
BIT^ OF INFORMATION) RND ITS DEVICE IDENT IFICRTION ON THE 
"10 ID" LINES <e BITS). FOLLOWING APPROPRIATE COMHRND/DRTA 
PROPAGATION DELAV < USUALLY 389 NANOSECONDS) AN RIO SIGNAL 
WILL GATE THE INTERRUPT STRTUS REGISTER DRTR INTO THE I/O 
PORT REGI<^TER RND RELERSE THE CHANNEL FROM STATUS MODE. 
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a. 4 STftNDRRD DEVICE CONTROLLER 



4. 1 GENERRL 



•[HE STRNDflRD DEVICE CONTROLLER MRINTfllNS CONTROL OVER ONE OR MORE PHV?ICRL 
X/0 UNITS.. RND RCTS RS THE INTERFRCE BETWEEN THESE UNITS RND THE STRNDRRD 
C:HBNNEL CONTROLLER. THE DEVICE CONTROLLER IS DESIGNED TO RLLOW GENERRLIZED 
.^.■.OFTNBRE TO HRNDLE R VAST RRRRV OF VERV DIFFERENT I/O EQUIPMENT. IT CONTRINS 



NOT, BE USED BV THE 
FIGURE 8. 4. IR SHOWS 



SOFTNRRE, RLLOWING 
THE RELRTIONSHIP 



U NUMBER OF FERTURES WHICH MRV.. OR MRV 

R VRRVING DEGREE OF HRRDWRRE SUPPORT. 

OF THE DEVICE CONTROLLER TO THE STRNDRRD CPU.. DIRECT MEMORY RCCESS CHRNNELS 

RND THE EXTERNRL I/O DEVICES. THIS FIGURE RLSO SHOWS THE MRJOR HRRDNRRE 

ri:.RTURES OF THE DEVICE CONTROLLER. THESE FEATURES RRE DIVIDED INTO TWO MRJOR 

CRTEGORIES..- DEVICE CONTROL SUPPORT AND DRTR TRANSFER SUPPORT. 



klTHIN THE DEVICE CONTROLLER SOME OF THE CONTROL SUPPORT UNITS CRN 15E CLASSIF- 
IED RS "STATIC CONTROLS". THESE RRE THE "DEVICE CONTROL WORDS".. THE "STRTUS 
REGISTER".. RND THE "INTERRUPT STRTUS REGISTER". THESE RRE REFERRED TO RS 
"STRTIC" CONTROLS SINCE THEV ALL CONTRIN RESIDUAL INF-ORMRTION TO BE USED BV 
IH!" MlSl OF THE I/O SYSTEM.. USUALLY BEYOND THE SCOPE OF ONE DEVICE OPERATION. 



THE REHfllNIHG CONTROL SUPPORT UNITS RRE CLASSIFIED "DVNRMIC CONTROLS", THESE 
hRE THE UNITS WHICH RESPOND DIRECTLY TCr COMMRNDS FROM THE CPU.. THE CHANNEL 
(DNTROLLER OR THE DEVICE ITSELF. 

RDDITIONRL UNITS RRE PROVIDED FOR DRTR ROUTING SUPPORT. THESE RRE THE BUFFER 
ADDRESS REGISTER CBRR.^, WHICH SERVES RS A MEMORY RDDRESS POINTER. RND THE WORD 
COUNT REGISTER (WCX- WHICH CRN BE USED TO COUNT THE NUMBER OF WORDS, OR CHAR- 
ACTERS.. TO BE TRANSFERRED. WC CAN BE DECREMENTED RND BAR CRN BE INCREMENTED 
OR DECREMENTED RUTONRTI CRLLV DURING DRTR TRRNSFERS. THESE REGISTERS MRV BE 
APPLIED TO DRTR TRANSFERS OVER THE DRTR PRTH TO THE RCTURL QM-1 PORT REGISTER.. 
OR DIRECTLY TO MAIN STORE WHEN THE DIRECT MEMORY RCCESS OPTION IS INSTALLED IN 
•IHE CHANNEL CONTROLLER. FINRLLY.. fi "DRTR CHRININO" FRCILITV IS PROVIDED WHICH 
ALLOWS THE SOFTI'JARE TO COMBINE DISJOINT BLOCKS OF MEMORY INTO ONE LOGICRLLY 
CONTINUOUS I/O BUFFER.. WITH MINIMRL SOFTWRRE INTERVENTION. THE DEVICE CONTROL- 
LER ALSO CONTRINS THE HRRDWRRE NECESSARY TO RECOGNIZE RND PROCESS INTERRUPT 
REQUESTS FROM THE DEVICE. RS WELL RS TO GENERATE SPECIRL INTERRUPTS ON DEVICE 
CONTROLLER STATUS OR DMR CHRNNEL STRTUS CONDITIONS. 
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i-. A. 



DEVICE CONTROL 



S.:. 4. 2, i DEVICE CONTROL WORDS 

THE DEVICE CONTROL WORDS CONSIST OF TWO REGISTERS CONTRINING "STRTIC" CONTROL 
)N'FORMttTIOH. SUCH RS "SELECT DMR OPERRTING MODE".. "RCTIVRTE DRTR TRT-^NSLRT I ON". 
HTC THE TWO REGISTERS RRE REFERRED TO ftS DCWfl RND DCWB. THEIR CONTENT VRRIES 
r-EPEHDlNG ON THE DEVICES RTTRCHED TO THE CONTROLLER. THE DCW RLLOWS THE PRO- 
(>RiiM!1ER TO SELECT THE FUNCTIONBL UNITS OF THE DEVICE CONTROLLER THRT WILL BE 
UTILIZED IN RN OPERRTION. FOR EXRMPLE: DCWfl RLLOWS THE PROGRRMMER TO SELECT 
r VENTS ON WHICH STRTUS INTERRUPTS WILL OCCUR. 

!h.:WR RND DCWB RRE LORDED BV SPECIFIC DEVICE COMMANDS (SEE SECTIONS 8.4.2.5 RND 
1.5 s>, FIND RRE ACCESSIBLE TO THE PROGRRMMER RT RNV TIME VIA THE DIRECT REQUES7 
IsECHRNlSH (SECTIONS 8.3.1.. &. 4.2. 4, RND S. 5. 6). NRNODRTR HRS RSSIGNED STRNDRRD 
(DEVICE INDEPENDRNT> FUNCTIONS *T0 SEVERRL DCWR AND DCWB BIT POSITIONS. THRT RRE 
C:0M110N TO R WIDE. RANGE OF EXTERNAL DEVICES. THE FOLLOWING LISTS DESCRIBE THEIR 
iHiHCTIOH?:.. 



BIT 1 DENT I TV 



DESCRIPTION 



DRTR HRPPING CONTROLS 
i^CWA 62 TRRNSLRTE 



DCWR 0::< PRCK/UNPRCK 



.CONTROLS C 
THE DEVICE 
OPTIONAL I 
EXAMPLE: 
UPPER CASE 

-CONTROLS T 
INTO THE S 
"PACKED" 
LERS TRERT 
COUNTER. A 
WORD TRANS 



HARRCTER CODE TRRNSLRTION WITHIN 
CONTROLLER. THIS FEATURE IS 

N SOME DEVICES. 

TRANSLATE LOWER CASE ASCII TO 
ASCII FOR PRINTING. 

HE MAPPING OF CHARACTERS <BVTES> 

TANDRRD QM-1 18 BIT WORD. IN 

PER AT I NG MODE MOST DEVICE CONTROL- 
THE WC REGISTER AS A CHRRRCTER 

ND DECREMENT BV TWO FOR EACH QM-1 

FERRED. 



STRTU5J; INTERRUPT ENABLE MASKS 



1>CWR fi4 COMMAND REJECT 



.SEE SECTIONS S. 4. 2. 2 
COMPLETE INFORMATION 



AND 8. 4. 2. 5 
ON "COMMAND 



REJECT". 




5;or,-y 



TO '-OWE^ 
CCMT:50LLi< 



TO OTHE^ DEVICE 
COWTCiOUV.Eq 



FIG 8.4. lA- DEVICE CONTROLLER 
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PCNR 85 flNV ERROR CONDITION 
1>C.Wh 86 DEVICE REfiDV 

DCWfl B? NOT BUSV 

!n":;^R ee unit rvrilrble 

C'Cl'iH 09 WORD COUNT ZERO 
IDENTiriCRTION 



-SEE S 
THE 

-RLLOW 
FROM 
RERDV 

.RLLOW 
FROM 
NOT B 
8. 4. 2 

-RLLOW 
IS RE 
OPERR 

-RLLOM 
BEING 
CUR RE 



ECTIO 
ERROR 
S INT 
RERDV 
.. CON 
S INT 
BUSY 
USV < 
. 2 FO 
S INT 
RDV T 
TIHG 
S INT 
DECR 
NT 1/ 



H S. 4. 2. 
" STRTUS 
ERRUPT ON 
TO NOT R 
DITIOH. 
ERRUPT ON 
<PERFORMI 
DEVICE IN 
R RDDITIO 
ERRUPT TO 
RECEIVE 
CYCLE. S 
ERRUPT ON 
EtIENTED T 
TRRNSFE 



FOR R DESCRIPTION OF 
BIT CONTROLS. 

DEVICE STRTE 
ERDV.. OR NOT 



SEE SECTION S 

DEVICE STATE 

NO RN OPERRTI 

RCTIVE). SEE 

NRL DISCUSS 10 

INDICRTE THR 

COMMANDS FOR 

EE SECTION 8. 

WORD COUNT R 

ZERO. TERM 

R. SEE 8. 4. 2 



CHfiNGING 
RERDV TO 
. 4. 2. 2. 

CHRNGING 
0N> TO 

SECTION 
N. 
T THE 

ITS NEXT 
4. 2. 2. 
EGISTER 
IHRTES 



I'CNF! 


08 


TRSK 


ID 


hCNf.; 


0:1 




" 1 


C'CNf:! 


62 




"2 


!.'CNB 


&3 




" 3 


!)CWB 


64 




" 4 


DCNf;: 


85 




" 5 




DRTR 


ROUTING SUPPORT CONTROl 



_TRSK ID IS SIMPLV R SIX BIT FIELD, THE 
CONTENT OF WHICH IS PLRCED ONTO THE DEVICE 
ID LINES DURING DRTR INTERRUPTS.. BY THE 
DEVICE CONTROLLER. ITS PURPOSE IS TO 
PROVIDE RDDITIONRL DRTR ROUTING INFORMRTION 
FOR THE SYSTEM UTILIZING THE DEVICE. SEE 
SECTION 8. 4. 3. 3 FOR ftDDITIONRL DETRILS. 



DCHB 86 DECREMENT WORD COUNT <NC)_PERMITS THE CONTENT OF THE WC REGISTER TO 



DCWB 8? INCREMENT BUFFER 

RDDRESS REGISTER <BflR) 

DCWB 88 DECREMENT BUFFER 

ADDRESS REGISTER <.BflR> 
DCNP 89 DMR MODE 



BE DECREMENTED FOLLOWING EfiCH DfiTH TRANSFER 

CYCLE. SEE SECTIONS 8. 4. 3. 2 RND B. S. 4. 
.PERMITS THE CONTENT OF BRR TO BE INCREMENTED 

FOLLOWING ERCH WORD TRANSFER CYCLE. SEE 

SECTIONS 8. 4. 3. 1 AND 6. 5. 4 
_SRME flS DCWB Q7, EXCEPT DECREMENTS REGISTER 

VRLUE. SEE SECTIONS 8.4.3.1 AND e. 5. 4 
.SWITCHES THE DEVICE TO DMA OPERATING MODE. 

DMR OPTION IS REQUIRED. SEE S. 4. 3. 5. 



NOTE: DCWfl AND DCWB ARE CLEARED 
CLEAR DEVICE COMMANDS. 



CZEROED? BY MASTER CLEAR, I/O RESET.. AND 
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v.. 4. 2. 2 STRTUS 

irfiCH DEVICE CONTROLLER IS PROVIDED WITH TMO STATUS REGISTERS THAT IK'FDRN THE 
3/0 PROCESSING PROGRAM OF THE STATE OF THE DEVICE AND ITS ASSOCIATED COK'TROL- 
l.ER. THESE Ti40 REGISTERS ARE CALLED THE "STATUS REGISTER" <SR). AND THE "INTER- 
RUPT STRTUS REGISTER" <ISR>. THE STRTUS REGISTER CONTAINS FULL AND DETAILED 
IK'FDRMfrriOH ON THE COS-EDITION OF THE DEVICE AND CONTROLLER. THE STATUS REGISTER 
IS ACCESSIBLE TO THE PROGRAM AT ANV TINE VIA THE "DIRECT REQUEST" MFCHANI*-f1 
C DESCRIBED IH SECTIONS S. 3. 1 AND 8. 4, 2. 4>. 



V 



•fHE INTERRUPT STATUS REGISTER <ISR> DIFFERS FROM THE STRTUS REGISTER <SR> IN 

HE HRTURE OF ITS BIT CONTENT AMD OPERATION. THE ISR CONTAINS A MORE SPARSE 
rORM OF SR INFORMATION BITS. ONE BIT OF ISR I1AV REPRESENT A CLASS OF BITS IN 
SR. FOR EKAI1PLE.. THE GENERAL "ERROR" BIT OF ISR REPRESENTS ALL ERROR CONDI- 
■1 IONS OF THE DEVICE AND DEVICE CONTROLLER: LOST DATA.. BAD PARITV. ETC. IN A 
CQHPLICRTED DEVICE.. NHERE MORE. THAN ONE STATUS REGISTER I1AV BE REQUIRED. ISR 
IS USED AS R POINTER TO THE STATUS REGISTER THAT CONTAINS THE DETAILED INFOR- 
KATIOH ON THE REASON FOR THE STRTUS INTERRUPT. THE PRIMARV PURPOSE OF THE ISR 
IS TO INFORM THE I/O PROCESS OF NHICH STATUS CONDITION<S> CAUSED THE STATUS 
3NTr.RRUPT CURRENTLV BEING HANDLED <SUCH AS NORMAL END OF OPERATION. A DEVICE 
FRROR., ETC. > 

■(HE SETTING OF AN ISR BIT ALNRVS OCCURS ALONG WITH A STATUS INTERRUPT. IN 
ORDER FOR RH ISR BIT TO SET IT MUST FIRST BE ENABLED BV THE PRIOR SETTING OF 
3. IS CORRESPONDING DCW BIT <SEE SECTION 8.4.2.1. DEVICE CONTROL WORD). THE 
.SETTING OF AN ISR BIT OCCURS ONLV DURING CHANGE OF THE RELATED STATE.. WHILE 
THE CONDITION IS ENABLED. FOR EXAMPLE. THE DEVICE "NOT BUSV" BIT WILL SET. 
RND GENERATE A STATUS INTERRUPT. ONLV ON THE CHANGE OF DEVICE STATE FROM 
"BUSV" TO "NOT BUSV" WHILE DCWA BIT (i? <ENABLE INTERRUPT ON "NOT BUSV".^ IS 
SET, IF THE DEVICE IS ALREADV NOT BUSV WHEN. BIT 67 OF DCWA IS CHANGED TO 
!:NRBLE THE INTERRUPT <nADE A ONE>. NO INTERRUPT WILL OCCUR. THE DEVICE MUST 
CHANGE STATE FROM "BUSV" TO "NOT BUSV". WHILE THE INTERRUPT IS ENABLED. TO 
■[RIGGER THE INTERRUPT. 

3H ORDER FOR THE ACTIVE I/O PROCESSING PROGRAM TO READ THE ISR IT MUST ISSUE A 
"STRTUS REQUEST" COMMAND. IT MAV ISSUE THIS COMMAND ONLV AFTER THE RECEIPT OF 
A STATUS INTERRUPT. SINCE THE CHANNEL CONTROLLER "REMEMBERS" THE IDENTITY OF 
"IHE DEVICE CONTROLLER CURRENTLV REQUESTING THE STATUS INTERRUPT. THE "STATUS 
REQUEST" COMMAND WILL BE ROUTED DIRECTLV TO THAT DEVICE. THIS FUNCTION IS 
DESCRIBED IN MORE DETAIL IN THE FOLLOWING SECTION ON INTERRUPTS UPON RECEIPT 
OF R "STATUS REQUEST" THE DEVICE CONTROLLER WILL PUT THE CONTENT OF ITS ISR. 
AND ITS DEVICE SELECTION NUMBER. ON THE CHANNEL DATA. AND DEVICE ID. LINES TO 



(d1--.1. HflRDNBRE LEVEL USER'S MRNURL 



NflNODRTR CORPORRTION 



PRGE 8i<.<: 



7 HE CPU. R TIME DELRV OF 2S0 KRHOSECONDS IS REQUIRED BETWEEN THE "?TRTUS 
RrQl!r'=:T" CfiMJifiND RND THE RIO THRT RERDS THE STRTUS DRTR INTO THE PORT REGISTER. 
THE DEVICE CONTROLLER DOES f-^OT RLLOW RNV RDDITIOfsiRL ISR BITS TO SET FOLLOWING 
•iT'^-> RECEIPT OF THE "STRTUS REQUEST'S UNTIL COHPLETION OF STRTUS INTERRUPT 
PRnCF^-.^IHG &-V THE NEXT RIO. RLL ISR BITS SET, RND THEIR CORRESPONDING INTER- 
icliPT REQUESTS.. PRIOR TO R "STRTUS REQUEST" WILL BE CONSIDERED RS FULLV RCKNDW- 
1 FDGED FOLLOWING THE RESPONSE TO JUST ONE STRTUS INTERRUPT, THEREFORE SEVERRL 
i-!lHB! ED STRTUS INTERRUPT CONDITIONS.. OCCURRING WITHIN CLOSE PROXIWITV OF ERCH 
OTHER.. CRN BE PROCESSED RS R SINGLE STRTUS INTERRUPT. RLL ISR BITS SET PRIOR 
■fO THE INTERRUPT WILL BE CLERRED RUTOMRT I CRLLV FOLLOWING THE TRRNSFER OF THE 
)SR TO THE CPU. 



IHFRE RRE THREE METHODS BV WHICH STRTUS BITS MRV BE RESET <CLERRED OR 2ER0ED.\ 
iHF FIRST TVPE OF STRTUS INFORMRTION MRV BE REFERRED TO RS "REAL TII1E". THIS 
(■'.FRHH THRT THE DEVICE CONDITION ITSELF HAS CONTROL OVER THE STRTE OF THE STRTUS 
PIT. "DEVICE RERDV".. FOR EXRMPLE.. BELONGS TO THE "REAL TIME" CRTEGORV.. SINCE 
)T WILL CHRNGE STRTE EVERV TIME THE DEVICE RERDV CONDITION CHRNGES. THE SECOND 
•fVPE OF STRTUS RRE THE "ERROR" CONDITION BITS. THEV RRE CLERRED THROUGH ISSU- 
i-iNCF OF THF "CLERR ERROR" COMMRND, WHICH IS DESCRIBED IN THE SECTION ON DEVICE 
C OMMRHDS <S 4.2.5 BELOW.V FINRLLV, THE STATUS BITS WHICH RRE RELRTED TO WORD 
COUNT GOING ZERO RRE CLERRED BV THE LORDING OF R NEW VRLUE INTO THE WORD COUNT 



REGISTER. RLL STRTUS BITS. EXCEPT FOR 
CLERR".. "I.''0 RESET" <SEE SECTION 8.3.2, 
<8. 4, 2. 5>, RS WELL RS "C1.ERR ERROR" <8 



"RERL TI^5E". RRE CLERRED WITH "WRSTER 

CHRHNEL COHMRNDS), "CLERR DEVICE" 
4. 2. 5>. 



•I HE POSITIONS OF MOST ISR BITS CORRESPOND TO THOSE BITS WITHIN SR HRVING THE 
<;RHE GENERRL MERNING. for this RERSON ONLV one status BIT DESCRIPTION LIST 
f.iPP!r|VjRt; BELOW. ALL STATUS INDICATORS DESCRIBED APPEAR IN THE SRME POSTITIONS 
IN BOTH ISR RND SR. THE FOLLOWING LIST SPECIFIES STRNDRRD INTERRUPT STATUS.. 
RND STATUS.. REGISTER BITS ASSIGNED BV NRNODRTR TO COVER R WIDE RRNGE OF 
rXTFRNRL DEVICES. BIT POSITION NUMBERS RRE SHOWN IN DECIMRL. RLL ISR INDICRT' 
DRS. DESCRIBED BELOW.. WILL BE SET ONLV IF ENABLED IN THE CORRESPONDING DCW. 



iiilT POSITION i- IDENTITV 
- DEVICE RERDV 



DESCRIPTION OF STATUS 



_<RERL TIME CONTROLLED IN SR> 

"ISR" STRTUS INTERRUPT GENERATED. RND BIT 

IS SET.. WHENEVER R CHANGE OCCURS IN THE 

DEVICE RERDV CONDITION. 
^"SR" fl 1 INDICRTES THRT THE DEVICE IS 

CURRENTLV "RERDV".. INDICATES "NOT RERDV". 
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± - DEVICE NOT BUSY _<RERL TIME CONTROLLED IN SR) 

"ISR" STRTUS INTERRUPT GENERRTED. fWib BIT 
IS SET. WHEN THE DEVICE CHRNGES STRTE FROM 
"BUSV" TO "HOT BllSV". 

"SR" fi 1 IMDICRTES DEVICE CURRENTLY "NOT 
BUSY", 6 IHDICFsTES DEVICE IN OPERRTION. 

■■: ■- ERROR CONDITION _"ISR" STRTUS INTERRUPT OENERRTED.. RND BIT 

IS SET.. WHENEVER RNV ERROR CONDITION OCCURS 
IN THE DEVICE OR CONTROLLER. ERROR CONDI- 
TIONS SETTING THIS BIT INCLUDE RNV OF THOSE 
LISTED UNDER STRTUS BITS 12 THROUGH 17.. ftS 
NELL fiS RNY RDDITIONRL DEVICE DEPENDENT 
ERRORS IN BITS S THROUGH 11. 

"SR" R 1 INDICRTES UNCLERRED.. OR UNRESOLVED, 
ERROR CONDITIONS. R 6 MERNS NO OUTSTRNDING 
ERROR CONDITIONS. 

j: - UNIT RVfllLRBLE _<RERL TIME CONTROLLED IN SR> 

"ISR" STRTUS INTERRUPT GENERRTED.. RND BIT 
IS SET.. WHEN THE DEVICE BECOMES RERDV FOR 
fl NEW DRTR TRRNSFER CYCLE. FOR EKRMPLE. 
THE DRTR BUFFER OF THE DEVICE IS RELERSED 
FROM ITS PREVIOUS OPERRTION. 
"SR" R 1 INDICRTES UNIT IS NOW flVRILRBLE 
FOR THE STRRT OF THE NEXT DRTR TRRNSFER 
OPERATION. fl & HERNS THE DEVICE IS IN FULL 
OPERATION RND IS NOT RVfllLRBLE FOR RNV NEW 
COMMANDS 

4 - WORD COUNT REACHED ZERO _STRTUS INTERRUPT GENERATED, RND BIT IS SET.. 

WHEN THE WORD COUNT REGISTER RERCHES ZERO. 
THIS BIT IS CLEARED BY LORDING R NEW VALUE 
INTO THE WORD COUNT REGISTER. 

5 - DATA CHAINING .STATUS INTERRUPT GENERATED, RND BIT IS SET, 

<IN PLRCE OF BIT -4 > WHEN THE WORD COUNT 
REGISTER REACHES ZERO IN DRTR CHRINING MODE. 
THIS OCCURS ONLY IF BIT If. OF THE PRECEDING 
WORD COUNT REGISTER LOAD WAS A 1. CLEARED 
WHEN LORDING fl NEW VALUE INTO WC. 
(: - 11 DEVICE DEPENDENT .ERRORS RND CONDITION INDICATORS UNIQUE TO 

DIFFE^RENT DEVICES <SEE EXAMPLE IN SECTION 
e. 6>. RPPERRRNCE OF THESE BITS WITHIN ISR 
RS WELL flS SR IS ALSO DEVICE DEPENDANT. 
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BITS 12 THROUGH 16 RPPERR.. RS DESCRIBED, 
IXlVICE DEPENDENT FUNCTIONS h'lTHIN ISR. 



OfiLV IH SR. THESE POSITIONS HAVE 



.12 - DMR RDDRESSING ERROR 



;i:? - DMR EXCEPTION 



:14 - ILLEGRL DRTR 



:15 - TRRNSLRTOR ERROR 



;1G - LOST DRTR 



:t7 - COMMRND REJECT 



_DMR REFERENCE ATTEMPTED OUTSIDE OF MEMORV 
SPRCE INSTALLED ON SYSTEM. FOR VIRTURL 
MR IN STORE SVSTEMS.. DMR REFERENCE TO R NON- 
RESIDENT PRGE. SETS THE "ERROR" BIT <2>. 
RESET BV THE " CLEAR ERROR" COMMRND. 

_DMR ENCOUNTERED fl MRIN STORE PRRITV ERROR.. 
OR OTHER HRRDWRRE MRLFUNCTION. SETS THE 
"ERROR" BIT <2>. RESET BV THE "CLEAR ERROR" 
COMMRND. 

„RN ILLEGAL DRTR CHRRRCTER OR PATTERN HAS 
BEEN RECEIVED BV THE DEVICE CONTROLLER FROM 
THE DEVICE. FOR EXAMPLE, A CRRD READER MRV 
HRVE ENCOUNTERED fl NON-EBCDIC HOLLERITH 
CODE NHEN OPERATING IN EBCDIC MODE. SETS 
THE "ERROR" BIT <2>. RESET BV THE "CLEAR 
ERROR" COMMRND. 

-TRRNSLRTOR MRLFUNCTION HAS OCCURRED IN R 
DEVICE CONTROLLER {EQUIPPED WITH R DRTR 
TRRNSLRTOR. SETS THE "ERROR" BIT <2>, 
RESET BV THE "CLEAR ERROR" COMMAND. 

-LOST DATA OCCURED DUE TO LATENCY OF THE CPU 
OR OVERLOADING OF THE DMA PATH. SETS THE 
"ERROR" BIT <2>. RESE'T BV THE "CLEAR ERROR" 
COMMAND. 

-ILLEGAL COMMAND SENT TO THE DEVICE CONTROL- 
LER. USUALLY AN UNRECOGNIZED COMMAND OR R 
COMMAND ISSUED TOO EARLY OR OUT OF SEQUENCE. 
SETS THE "ERROR" BIT <2>. RESET BV THE 
"CLEAR ERROR" COMMRND. THIS ERROR II-'DICRTOR 
APPERRS IN BOTH SR AND ISR. 
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V,. 4. 2. 3 INTERRUPT MECHRNISM 

JNTERRUPTS RRE SIGNALS WHICH NOTIFV RN RCTIVE CPU PROCESS THRT SOME CHRNGE OF 
STRTE HRS OCCURRED. USURLLV RT RN I/O DEVICE. THERE RRE FIVE PHRSES IN THE 
INTERRUPT SEQUENCE. THESE PHRSES RRE CRLLED; REQUESTED. LRTCHED.. PENDING.. 
RCKNO'nLEDGED* RND RELERSED <THESE NRMES SHOULD NOT BE CONFUSED NITH THE CPU 
INTERRUPT TERfllNOLGGV DESCRIBED IN SECTIONS 4.5.2 RND 5.8.2), THREE FLAGS RRE 
JKVOLVED WITH THIS SEQUENCE.. THESE ARE THE "REQUEST FLAG" RND THE "LRTCH 
rLRG". LOCATED WITHIN THE DEVICE CONTROLLER.- RND THE "PENDING FLAG". WHICH IS 
LOCATED WITHIN THE CHANNEL CONTROLLER. STATUS AND DATA INTERRUPTS HUST BE 
HHRBLED AT THE DEVICE CONTROLLER BEFORE THIS SEQUENCE CAN START. 

THE INTERRUPT BECOMES "REQUESTED" WHEN R DEVICE SIGNALS ITS DEVICE CONTROLLER 
OF R CONDITION THAT HAS BEEN ENABLED TO TRIGGER RN INTERRUPT. RN INTERRUPT 
HRV ALSO BE "REQUESTED" WHEN R CONDITION WITHIN THE DEVICE CONTROLLER ITSELF 
REQUIRES RN INTERRUPT. THIS RCTJON IS ASYNCHRONOUS RND INDEPENDENT OF THE 
C;OKTROLLER STRTE. 

k'HEN THE CHANNEL CONTROLLER INTERROGATES DEVICE CONTROLLERS FOR INTERRUPTS.. IT 
.SEARCHES FOR "REQUEST FLAGS". UPON ENCOUNTERING ONE IT SETS THE RPPROPRIATE 
.INTERRUPT "LRTCH FLAG" CONE EXISTS FOR EACH DATA- IN.. DRTR-OUT.. RND STATUS 
INTERRUPT?. THE INTERRUPT IS NOW IN THE "LATCHED" PHASE, AFTER THE INTERRUPT 
HAS BEEN LATCHED. THE "PENDING FLRG" IN THE CHANNEL CONTROLLER WILL BE SET. 
•IHE SETTING OF THE "PENDING FLRG" IS IMMEDIATELY FOLLOWED BY A SIGNAL TO THE 
fiSSOCIRTED CPU INTERRUPT LINE <SEE SECTION 8. S. 1.. FOR FURTHER DISCUSSION). 

SINCE MORE THAN ONE INTERRUPT MRV BE "LATCHED" SIMULTANEOUSLY IT IS NECESSARY 

rOR THE CHANNEL CONTROLLER TO SELECT THE ONE WITH THE HIGHEST PRIORITY. IN 
I'HE TIME INTERVAL BETWEEN THE "LATCHED" AND "PENDING" STATES THE CHANNEL 
CONTROLLER HRS SEARCHED THE "PRIORITY CHAIN" CONNECTED DEVICE CONTROLLERS AND 
\mS SELECTED THE HIGHEST PRIORITY ^CLOSEST CONNECTION TO THE CHANNEL CONTROL- 
LER) "LATCHED" DEVICE. NOW THE SELECTED INTERRUPT I S ' "ACKNOWLEDGED " BY THE 
CHflNNEL CONTROLLER. THE SELECTED DEVICE IS GIVEN USE OF THE CHANNEL UNTIL THE 
JNTLRRUPT IS "RELERSED" BY THE CPU I,-'0 PROCESS OR THE DMA CONTROLLER.. 
NH.TCHEVER IS INVOLVED WITH THE RCTIVE INTERRUPT. 

•(HE DATA INTERRUPT AND STATUS INTERRUPT MECHANISMS ARE FULLY INDEPENDENT. RNY 
OF THE PHRSES OF THE INTERRUPT SEQUENCE.. OF EITHER TYPE OF INTERRUPT.. CRN BE 

MRINTRINED REGRRDLESS OF THE PHASE OF THE OTHER. 

7 HE "RELEASE" OF RN INTERRUPT IS NECESSARY TO REACTIVATE THE SCAN FOR ANOTHER 
INTERRUPT OF THE SRME TYPE.. BY BOTH THE CHANNEL CONTROLLER AND DEVICE CONTROL- 
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I.U.R. THE "RELERSE" IS CRUSED BV DIFFERENT COtltlflND SEQUENCE"^. Bf\^ED ON THE TVPT 

!-OLLOWn-a-> R: THE INTERRUPT IS RELERSED: 

DHTR-IN INTERRUPT -RFTER EXRCTLV TWO RIO SIGNALS HRVE BEEN TRRN^^fll TTED 

TO THE CHRHNEL, 
DRTR-OUT INTERRUPT -BV RIO FOLLOWED BV R "DRTft RVRIIftBLE" CHRNK'EL 

COHMRHD (SEE SECTION 8,3.2). 
>.. rnTUS INTERRUPT -8V THE FIRST RIO FOLLOWING R "STRTUS REQUE^.T" 

CHRHNEL COMMRND <SEE SECTION 8. 3. 2>. 

•fHE DEVICE CONTROLLER RECOGNIZES THE RPPROPRIflTE SEQUENCE. RND PRODUCES THE 
kf7Lt.iibi£ SIGNfiL WHICH CLERRS ITS "REQUEST FLRG" RND "LRTCH FLRG"- RND THE 
"PENDING FLRG" WITHIN THE CHRNNEL CONTROLLER. " 
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?;. 4. 2. 4 DIRECT REQUEST MECHflNISM 

•flit DIRECT REQUEST HECKRNISM ALLOWS RN ACTIVE CPU PROCESS TO REAP THE CONTENT 

OF T!IE DEVICE CONTROLLER REGISTERS. R "DIRECT REQUEST" MRV BE MRDE RT RNV 

TIHE:. EKCEPT MHEU the CKRNNEL is in THE MIDDLE OF ONE OF THE FOLLOWING INTER- 
RUPT OPERRTIONS: 

DRTfl-IN INTERRUPT: BETWEEN THE FIRST AND SECOND RIO SIGNAL. 
DfiTfi-OUT INTERRUPT: BETWEEN THE RIO AND "DRTfl flVAILRBLE" COHMRND. 
STftTUS INTERRUPT: BETWEEN "STRTUS REQUEST" AND THE NEKT RIO. 

"DIRECT REQUEST" IS ACCOMPLISHED BV EXECUTING RNV OF THE FOLLOWING DEVICE 

COHilfiNDS: 

i> READ STATUS REGISTER. 

2> RERD NORD COUNT REGISTER. 

3? RERD BUFFER RDDRESS REGISTER. 

4? READ DEVICE CONTROL WORD A. 

5> RERD DEVICE CONTROL WORD B. 

<REFER TO SECTION 8. 5. 3 FOR COMPLETE INFORMATION ON THE USE OF THESE COMMRNDS. > 

flFTER SENDING R "DIRECT REQUEST" THE PROGRAM MUST WAIT FOR THE TWO WAV DELAV 
I'lLOHG T!!E CHANNEL CABLES (309 NANOSECONDS FOR ?'j FOOT STANDARD LENGTHS.":'. TlilS 
K;:RNS THRT if RN XIO. executing R "DIRECT REQUEST". IS ISSUED AT T-PERIOD T<0.> 

•nir: rig which gates the drtr returned must not be specified before t-period 

•K5.>. completion OF THE "DIRECT REQUEST" SEQUENCE WILL RETURN THE CHANNEL TO 
ilXRCTLV THE STATE WHICH EXISTED PRIOR TO "DIRECT REQUEST MODE". AN ADDITIONAL 
■ilME DELRV, EQUIVALENT TO THRT REQUIRED FOR R "DIRECT REQUEST" OPERRTION.. MUST 
!;;E ALLOWED BV THE PROGRAM FOLLOWING THE SEQUENCE BEFORE ALLOWING ANV NEW INTER- 
RUPTS TO TAKE EFFECT. THIS IS REQUIRED IN ORDER TO GUARANTEE THE RETURN OF ANV 
PREVIOUS INFORMATION TO THE CHRNNEL DATA AND ID LINES. REFER TO SECTIOI>l S. 5. 6 
rOR AN EXAMPLE OF "DIRECT REQUEST". 
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i<. 4. 2. 5 DEVICE COMMRNDS 

ERCH DEVICE CONTROLLER HAS R CONTROL UNIT NHICH RECOGNIZES RND EXECUTES 
"COHHRNDS" FROM THE CPU, WHEN RCCOHPRNIED BV THE tIRTCHING "DEVICE SELECT- 
CODE RSSIGHED TO THE CONTROLLER. DEVICE COMMRNDS MfiV BE USED TO CLERR R 
IM.-VICE.. STRRT RN OPERRTION.- RERD DEVICE CONTROL REGISTERS, ETC. 

■(HE FOLLOWING LIST SPECIFIES STRNDRRD DEVICE COMMRNDS. RS ASSIGNED BS' 
NhHODRTR TO COVER HOST EKTERNRL DEVICE CONTROL FUNCTIONS: 

CODE <OCTnL> COMMAND DESCRIPTION 



f^i CLEAR DEVICE „CLERRS <ZEROES> RLL REGISTERS.- RESETS ALL 

INTERRUPT FLAGS.. RND D I SABLES- FURTHER 
INTERRUPTS NITHIN THE DEVICE CONTROLLER. 
STOPS ANV fiCTIVITV WITHIN THE DEVICES 
RTTRCHED. ALSO RESULTS IN THE SAME EFFECT 
AS THE "DISABLE INTERRUPTS" COMMRND 
05. BELOW X 

«'^ ENABLE DEVICE .ENABLES THE GENERRTION OF INTERRUPTS. OF 

INTERRUPTS RNV OF THE THREE TVPES <DRTR-IN.. DRTR-OUT.. 

STATUS).. BV THE DEVICE CONTROLLER. IF RN 
INTERRUPT IS IN THE "REQUESTED" CONDITION.. 
RT THE TIME OF THIS COMMAND.. IT WILL BE 
GENERATED. 

C^? DISRBLE DEVICE -INHIBITS GENERATION OF ANV DEVICE INTERRUPTS. 

INTERRUPTS THIS DOES NOT STOP INTERRUPT "REQUESTS" FROM 

OCCURRING RT THE DEVICE.. BUT DOES BLOCK THE 
"LATCHING" OF ANV INTERRUPTS. 

e? READ STATUS _R "DIRECT REQUEST" -COMMAND (SEE SECTIONS 

8. 4. 2. 4 AND S. 5. 6.> TO READ THE STATUS 
REGISTER ^SR) OF THE SPECIFIED DEVICE CON- 
TROLLER ON THE SELECTED CHANNEL. 

:i'-.1. LOAD WORD COUNT _LOADS THE VALUE ON THE SELECTED CHANNEL DRTR 

LINES INTO THE WORD COUNT REGISTER (WO OF 
THE SPECIFIED DEVICE CONTROLLER. 

^^ LORD BUFFER .LORDS THE VALUE ON THE SELECTED CHANNEL DATA 

ADDRESS REGISTER LINES INTO THE BUFFER ADDRESS REGISTER (BAR) 

OF THE SPECIFIED DEVICE CONTROLLER. 

■^i f<Efir) WORD COUNT ...fl "DIRECT REQUEST" COMMAND TO READ THE WORD 

COUNT REGISTER (WO FROM THE SPECIFIED DEVICtf 
CONTROLLER ON THE SELECTED CHANNEL. 
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„fi "DIRECT REQUEST" COMimND TO REfiD THE BUFFER 
RDDRESS REGISTER <BRR> FROM THE SPECIFIED 
DEVICE CDHTROLLEF':; ON THE SELECTED CHFlNHEL. 
„ LORDS THE VRLUE ON THE SELECTED CHRNNEL DRTfl 
LINES If-^TO DEVICE CONTROL NORD "R" (DCNP,> OF 
THE SPECIFIED DEVICE CONTROLLER. 
„LOnDS THE VRLUE ON THE SELECTED CHRNNEL DRTR 
CONTROL WCRD B LIKES INTO DEVICE CONTROL WORD "B" <DCNB> OF 

THE SPECIFIED DEVICE CONTROLLER. 
RERD DEVICE -R "DIRECT REQUEST" COMHRND TO RERD DEVICE 
CONTROL WORD R CONTROL WORD "R" (DCWR) FROM THE SPECIFIED 

DEVICE CONTROLLER ON THE SELECTED CHRNNEL. 
<5 RERD DEVICE -R "DIRECT REQUEST" COMHRND TO RERD DEVICE 

CONTROL WORD B CONTROL WORD "B" <:DCWB> FROM THE SPECIFIED 

DEVICE CONTROLLER ON THE SELECTED CHRNNEL. 
■y^ STRRT OPERRTIDN „STBRTS THE DEVICE OPERRTION.^ GENERRTING THE 

FIRST DRTR INTERRUPT CVCLE. IF RPPROPRIRTE. 
i(\ CLEAR ERROR ..CLERRS RLL ERROR BITS IN THE STRTUS REGISTER 

■CSR^ RND INTERRUPT- STRTUS REGISTER (ISR) OF 
THE SPECIFIED DEVICE CONTROLLER. 
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DFITR ROUTING SUPPORT 



4. :?c. 1 fiUFFER RDDRESS REGISTER (BRR) 



THE BUFFER RDDRESS REGISTER SERVES RS R MEMORV POINTER FDR DRTR TRRNSFER 
(iPERRTIONS. IT IS RN 19 PIT WIDE REGISTER WHICH IS LORDED BV THE "LORD 
i;!llFFER RDDRESS REGISTER" DEVICE COHMRND (SEE SECTION 8.4.2.5). THE EiUFFER 
RDDRESS REGISTER MRS BEEN INCORPORRTED INTO THE DEVICE CONTROLLER IN ORDER 
"ID REMOVE CPU OVERHERD DURING DRTR TRRNSFERS. THE CONTENT OF THE &RR k'ILL 
iiiE PLRCED ON THE CHRNNEL DRTR LINES FOR USE BV THE CPU. OR DMA CONTROLLER.. 
OH THE DCCURRRNCE OF RHV DRTR INTERRUPTS. THE REGISTER I1RV BE INCREHENTED. 
OR DECREMENTED,. RUTOMRT I CRLL V RT THE COMPLETION OF ERCH DRTR NORD TRRNSFER. 
■niE CPU PROGRRM CRN REQUEST THIS RCTION BV ENRBLING THE CORRESPONDING DCWB 
BITS CSEE SECTION 8.4.2.1), BRR MRV ALSO BE RERD RT RNV TIME.. THROUGH R, 
'•'DIRECT REQUEST" COHMRND (SEE SECTION 8.4. 2. 4) 
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4. S. 2 WORD COUNT REGISTER <WC> 

WORD COUNT IS RNOTHER REGISTER DESIGNED TO tllNIMIZE CPU OVERHERD DURING DRTR 
■fRRNSFER OPERRTIONS. NC NILL NORMRLLV CCNTRIH THE VRLUE REPRESENTING THE 
LENGTH OF THE MEtlORV BLOCK < BUFFER) RDDRESSED BV BRR. IT IS LOADED USING THE 
"LOflD NORD COUNT" DEVICE CDMilRND <SEE SECTION 8. 4. 2. 5>. IF ENABLED BV THE 
f-^PPROPRIRTE DCWB BIT CSECTJON S. 4. 2. 1> WC WILL BE DECREMENTED.. RUTOHRT I CRLLV. 
IIVf.RV TIME R NORD TRANSFER HAS BEEN COMPLETED. UPON DECREHENT I NG TO ZERO THE 
"NORD COUNT REACHED ZERO" STATUS REGISTER <SR> BIT IS SET. THE EQUIVALENT BIT 
3H THE INTERRUPT STATUS REGISTER (;ISR> WILL BE SET.. AND A STATUS INTERRUPT 
G THE RAT ED, IF THE "HORD COUNT ZERO INTERRUPT" CONDITION IS ENABLED IN DCWA 
tSEE SECTION 8.4.2.1?. FURTHER DATA INTERRUPTS ARE INHIBITED ONCE NC REACHES 
;rr:RO. MANV DEVICES MRV ALSO BE ENABLED TO COMPLETE THEIR OPERATING CVCLE 
i-iUTaHRTICRLLV.. UPON WC REACHING THIS CONDITION. WC MRV PE READ AT HNV TIME 
PV A "DIRECT REQUEST" COMMAND (SECTION 8. 4. 2. 4>. 

•!HE WORD COUNT REGISTER IS 16 BITS WIDE. IT MAV CONTAIN VALUES BETWEEN 6 AND 
<2**1S>-1, THE NEXT HIGHER BIT (BIT POSITION 16> IS USED TO INDICATE R "DRTR 
CHAINING" MODE OF OPERRTION.- ON THE CURRENT DATA BLOCK (SEE SECTION B. 4. Ti:. 4>. 

r:N I/O DEVICE MAV BE OPERATED WITHOUT USING THE WORD COUNT REGISTER BV SIMPLV 
l.tnVING THE "DECREMENT WORD COUNT "' CONTROL (DCWB BIT 6> RESET (8>. THE WORD 
COUNT REGISTER ITSELF MUST BE LORDED WITH A NON-ZERO VRLUE, IF DATA INTERRUPTS 
ARE TO BE ALLOWED TO OCCUR. THE PROGRAMMER MUST BE AWARE THAT THIS BECOMES A 
ilRZARDOUS MODE OF OPERATION, AS THERE IS NOW NO HARDWARE PROTECTION AGAINST A 
DATA TRANSFER OVERRUNNING ITS MEMORV BUFFER BOUNDRRV. 
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B. 4. :<. 3: Dmf\ TRRNSFERS 

DBTR TRflNSFERS RRE MFilNTfllNED ON fi WORD BV WORD ERSIS. RLL OF THE UNITS 

n!::-;cRiBED s;o frr. in section s, a, estrblish a svstem which rllows drtr 

1;<HHSFt;RS TO BE PERFORMED S^ITH LITTLE CPU OVERHEBD. RT THE SAME TIHE THRT 
fl DRTR ^INTERRUPT SIGNfiL IS BEING $ENT TO QM-1, THE BUFFER RDDRESS REGISTER 
RHD TRbK ID RRE BEING PRESENTED TO THE I/O CHRt^HEL. THE PROGRAM RESPONDING 
THE INTERRUPT NEED NOT KNOW WHICH DEVICE RCTUflLLV GENERRTED THE INTERRUPT. 



•( 



••HE Uf'HCSTQRE LOCRTICN TO WHICH THE DRTR INTERRUPT IS ftSSDCIRTED DETERMINES 
IHE OPERRTION TO BE PERFORMED FOR THRT INTERRUPT. SEFRRRTE NRNOSTORE LOCRT- 
yOHS HRE REQUIRED FOR EBCH DRTR- IN RND DRTR-OUT INTERRUPT POSSIBLE. THE DRTR 
i^'OUTING PROCEDURE RPPLIED fIRV SIMPLV IGNORE THE TRSK ID RND ROUTE THE DRTR 
UORD TO OR FROH THE MRIN STORE LOCRTION IDENTIFIED BV THE CONTENT OF THE BAR 
(•■RESENTED TO THE CHRNNEL. THE PROCEDURE MBV OPTIONRLLV USE THE TRSK ID TO 
DETERMINE TO WHICH OF THE QH-i KiEtlORIES THE CURRENT DRTR WORD SHOULD BE ROUTED 
<SUCH RS HRIN STORE.. CONTROL STORE, ETC. >. 

ON DRTR-OUT INTERRUPTS.. WHERE DRTR IS TO BE ROUTED FROfI THE CPU TO THE DEVICE. 
IHE PROGRRM IHHEDIRTELV ISSUES RIO THEREBV RERDING BAR INTO THE PORT REGISTER. 
THIS RIO P.LSO SWITCHES THE DEVICE CONTROLLER TO R "WRITING FOR DRTR" CONDITION 
K'HEN THE "DRTR RVRILRBLE" CHRNHEL COMMRND <SECTION 8. 3. £> IS SENT, THE DEVICE 
CONTROLLER RCCEPTS THE DRTR THEN PRESENT ON THE DRTR LINES. THERE IS NO NEED 
rOR RNV TIHE DELRV BETWEEN THE RIO THRT RERDS BRR RND THE "DRTR RVRHRBLE"-- 
COHHRND. 

IN THE CASE OF DRTR-IN INTERRUPTS, THE CHANNEL CONTROLLER EXPECTS TWO CONSECU- 
•ilVE RIO SIGNRLS TO COMPLETE THE IRRNSFER. THE FIRST RIO GATES BRR INTO THE 
PORT REGISTER RND SIGNRLS THE DEVICE CONTROLLER TO PLRCE THE DRTR WORD ONTO 
THE CHRNNEL DRTR LINES. THE CHRNNEL NEEDS RBDUT 300 NRNOSECONDS (FOR R 75 
FOOT CRBLE> TO RESPOND TO THE FIRST RIO BEFORE THE DRTR IS RVRILRBLE FOR THE 
SECOND RIO. THIS MERNS THRT IF THE FIRST RIO IS SENT RT T-PERIOD T<ei> THE 
SECOND CRNNOT BE ISSUED BEFORE T-PERIOD T<5>. 
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B. 4. 2. 4 DRTR CHRINING 

DRIB CHRIHING IS fl flECHRHISM THRT RSSISTS THE I/O PROCESS IN COMBINING 
Si-:PRRRTE BLOCKS OF DRTR IN MEMORV INTO ONE LOGICRLLV CONSECUTIVE BUFFER 
SPRCE. IN ORDER TO INVOKE THIS MODE OF OPERRTJON BIT 16 OF THE WORD COUNT 
kEGISTER (SECTION 8. 4. 2. 2> MUST BE SET TO R ONE. THIS IS RCCDMPLISHED RT 
•[HE SRHE TIME THE RCTURL WORD COUNT VRLUE.. DESCRIBING R DRTR SEGMENT LENGTH,. 
IS LORDED INTO THE LOWER 16 BIT POSITIONS OF WC USING THE "LORD WORD COUNT" 
DEVICE COHMRND (SECTION 8.4.2.5). WITH THE PROPER INTERRUPT ENR8LES RLLOWED. 
k'HEN WC REfiCHES ZERO IT WILL GENERRTE R STATUS INTERRUPT RND WILL SET THE 
■••■DRTR CHRIHING" BIT IN THE STRTUS REGISTER <SR> RND INTERRUPT STRTUS REGISTER 
aSK>. THE "DRTR CHfilNING" STRTUS BIT REPLRCES THE NORHRL SETTING OF THE 
'■■WORD COUNT RERCHED ZERO" BIT IN THE ISR. 

FOLLDWING R "DRTR CHRINING" STRTUS INTERRUPT THE I/O CONTROL PROCESS MUST 
FETCH BOTH THE BRR RND HC INFORMRTION THAT IDENTIFIES THE NEXT BUFFER SEGMENT. 
•JHIS HEW DRTR ROUTING IKFORMRTION IS TRANSFERRED TO THE DEVICE CONTROLLER 
USING THE "LORD BUFFER RDDRESS REGISTER" RND "LORD WORD COUNT" C0I1MRNDS. RS 
SOON RS THIS IS RCCOMPLISHED fl "START OPERATION" COMMAND (SECTION S. 4,2. 5> IS 
ISSUED TO RCTIVRTE THE CONTINUATION OF THE DRTR TRRNSFER, USING THE NEW BRR 
RKD WC VRLUES, THE TRRNSFER OF THE LAST BUFFER SEGMENT.. OF R SET. IS INDICRT- 
i-D BV THE PRESENCE OF fl "ZERO" DATA" CHAINING MODE BIT IN THE WC REGISTER, SEE 
SECTION 8.5.7 FOR RDDITIOHAL DISCUSSION. 
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•0.4,2.5 DIRC-:CT MEHORV RCCESS <DMR> ' 

DIRECT HEMORV RCCESS CDMfl) MODE OF OPERRTION PERMITS DIRECT DflTfi TRRNSFER 
liiETWEEN I/O DEVICES RND OM-1 tlRIN STORE. NO GPU INTERVENTION IS REQUIRED FOR 
•(ME DURATION OF DIRECT MEMORY TRRN5FERS. THIS REDUCES DRTR HRNDLING OVERHERD 
rOR THE CPU. RND RLSO PERMITS THE RTTRCHMENT TO THE SVSTEM OF VERV HIOH SPEED 
)/0 DEVICES THRT NDULD OTHERWISE BE TOO FAST FOR NORMAL CPU DRTR INTERRUPT 
RESPONSE. DMA ALSO PERIIITS HIGHLY EFFICIENT NANOCODING OF NON-I NTERRUPTABLE. 
LONG DURATION.. COMPUTATIONAL PROCESSES; SINCE THE CPU IS NOT REQUIRED TO HRNDLE 
PREQUENT DRTR INTERRUPTS. 

ANY STANDARD DEVICE CONTROLLER MAY BE SWITCHED TO DMA MODE.. AS LONG AS THE 
CHANNEL IS EQUIPPED NITH THE DMA OPTION AND A MULTI-PORT MAIN STORE SYSTEM. 
•(0 UTILIZE A DMA DATA PATH.. DEVICE OPERATION IS INITIATED IN THE SAME MANNER AS 
rOR REGULAR CPU DATA TRANSFERS. ALL DEVICE CONTROLLER REGISTERS SHOULD BE 
LOADED TO INITIALIZE THE TRANSFER AS IF IT NERE TO BE VIA A CPU PORT. THE ONLY 
IMFFERENCE IS THRT BIT S OF DCWB MUST BE SET TO "ONE" <DMA MODE BIT.. SEE 
SECTION 8. 4. S. 1>. NHEN THE DEVICE RND CONtROLLER HAVE BEEN PREPARED FOR THE 
DfllA TRANSFER THE PROGRAM SHOULD ISSUE THE APPROPRIATE "START OPERR'fJON" DEVICH 
C:OMHAND 'CSEE SECTION 8. 4. 2. 5.>. FROM THIS POINT ON.. VhE DEVICE CONTROLLER COM- 
MUNICATES DIRECTLY NITH THE MEMORY ACCESS CONTROLLER'. 

SNITCHING A DEVICE TO DMA MODE DOES NOT DISCONNECT IT FROM THE QM-1 CHANNEL. 
ALL OF THE FACILITIES TO "MEASURE THE PULSE" OF. OR TO OVERRIDE.. THE CURRENT 
),''D OPERATION REMAIN ACTIVE. FOR EXAMPLE.. "DIRECT REQUEST MODE" MAY BE APPLIED 
AT ANY TIME TO SAMPLE AN ACTIVE REGISTER SUCH AS BAR OR"wC. ANY ENABLED STATUS 
INTERRUPT MAY OCCUR AS USUAL. THE NORMAL TERMINATION OF THE DMA DAfA BLOCK 
TRANSFER WILL USUALLY OCCUR WHEN WC REACHES ZERO. THE CPU MAY BE ASYNCHRONOUS- 
LY NOTIFIED OF THIS EVENT THROUGH THE "WORD COUNT REACHED ZERO" STATUS INTER- 
RUPT.. AS INDICATED BY THE CORRESPONDING BIT BEING SET IN THE INTERRUP'f STATUS 
REGISTER. ABNORMAL TERMINATION WILL OCCUR AS A RESULT OF ANY PRESELECTED ERROR 
INTERRUPT CONDITION. TWO "ERROR" STATUS INDICATORS ARE ASSOCIATED WITH DMA 
MODE (ALSO REFER TO SECTION 8.4.2.2). 

DMA ADDRESSING ERROR - INDICATES AN ATTEMPTED REFERENCE BEYOND THE MEMORY SPACL 
INSTALLED ON THE COMPUTER SYSTEM. FOR THOSE SYSTEMS EQUIPPED WITH THE VIRTUAL 
MAIN STORE OPTION THIS BIT INDICATES THAT A REFERENCE TO A NON-RESIDENT USER 
PAGE WAS ATTEMPTED. 

DMA EXCEPTION - INDICATES THAT DMA ENCOUNTERED A MAIN STORE PARITY ERROR.. OR 
SOME OTHER HARDWARE MALFUNCTION. 
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e. 5 I/O SVSTEM OPERRTIONS 

SI, 5. 1 GENERRL 

THIS SECTION DISCUSSES RCTURL I/O SVSTEM OPERRTIONS RND PROCEDURES. SEVERRL 
fiCTURL NRNOCODE F.XfiMPLES RRE INCLUDED RS RN ILLUSTRRTION OF THE VRRIOUS CODING 
•niCHHIQUES RPPLICRBLE IN I/O PROGRRMMING. 



«). :>. c: 



INITIRLIZRTION 



CHANNEL INITIRLIZRTION IS USURLLV PERFORMED ONLV WHEN THE STRTE OF EITHER THE 
CHRNNEL OR ITS DEVICES IS UNKNOWN. THIS NORMRLLV WILL BE REQUIRED FOLLOWING 
f-\ SVSTEH POWER UP. OR RFTER R CHRNNEL HBS BEEN DERCtlVRTED FOR MRINTRINRNCE 
RCTIVnV. iNITIRLIZflTION WILL BE PERFORMED BV OPERRTING SVSTEMS DURING SVSTEM 
INITIRL PROGRRM LORDING RND BV STRND RLONE PROCESSES RT THE START OF EXECUTION. 

•(HIS SECTION DESCRIBES SEVERRL RSPECTS OF INITIRLIZING R CHRNNEL OR R DEVICE. 
IT IS MORE SUGGESTIVE THRN IMPERITIVE SINCE THIS OPERRTION CRN BE PERFORMED IN 
SEVERRL WRVS. 

•|HE FIRST STEP OF INITIRLIZRTION IS TO CLERR THE CHRNNELS RND DEVICES. THREE 
MERNS OF GENERRTING THE CLERR SIONRL ARE RVRILRBLE: 

1. MRSTER CLERR <SEE SECTION 8. 2. 2> CLERRS RLL CHANNELS RND DEVICES ALONG 

WITH THE ENTIRE CPU. 

2. I/O RESET <SEE SECTION 8. 3. 2> CLEARS THE CHANNEL RND RLL DEVICES ON 

THE "KB" SELECTED PORT. 

2. CLR COMMAND <SEE SECTION 8. 4. 2. 5> WILL CLEAR THE DEVICE CONTROLLER TO 

WHICH IT IS SENT. 



TWO DEVICE COMMRNDS "ENRPLE RLL DEVICE INTERRUPTS"' AND "DISABLE RLL DEVICE 
JNTEk'RUPTS" <SEE SECTION 8.4.2.5) RCT RS "CONNECT DEVICE TO THE CHRNNEL" RND 
"DISCONNECT DEVICE FROM THE CHRNNEL" RESPECTI VELV. FOLLOWING fl CHRNNEL OR 
DEVICE CLEARING OPERRTION DEVICE INTERRUPTS RRE LEFT DISABLED. DISRBLING THE 
DEVH:E INTERRUPTS REMOVES THE DEVICE FROM THE PRIORITY CHAIN RND DOES NOT 
RLLOW RNV DEVICE ORIGINRTED RCTIVITV. HOWEVER IT IS STILL POSSIBLE TO LORD 
flNV REGISTER OF THE DEVICE CONTROLLER RS WELL RS TO RERD RNV REGISTER RND TO 
CHECK SIHTUS. THROUGH DIRECT REQUEST COMMANDS ".SEE SECTION 8. 5. 6>. 
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}T IS RECOMHENDED THRT ERCH DEVICE CONTROL PROGRRM CLERR THE DEVICE CONTROLLER 
fiND LORD ITS INITIRL CONTROL REGISTERS BEFORE ISSUING "ENRBLE DEVICE INTER- 
RUPTS" RND "STRRT OPERRTION" COMtlRKDS. 
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$i. 5. :;c coMtinND execution 

COMMftHDS <CHRNNEL ftND DES-'ICE.. SEE SECTIONS 8. 3:. 2 RHD 8.4. 2. 5> fiRE GENERRTED 
iiiV SETTING THE DEVICE KUMBER ON THE "DEVICE SELECT" LINES RND THE COK-MBND 
CODE ON THE "COMMRND" LINES.. AND THEN EXECUTING XIO. THE FOLLOWING HRE TWO 
KRNOPROGRftl'l SEGMENTS TO GENERRTE "I/O RESET" <CHRNNEL COI1MflND> AND TO "LOAD 

DCWB" (DEVICE COMMRND. \ 

* SEND I/O RESET >;78> TO CHRNNEL 2. 

: "SINCE I/O RESET IS R CHRNNEL COMMRND NO DEVICE SELECTION IS NECESSRRV" 

. . . . KR = 2 "PORT". KB = 70 "CODE FOR I/O RESET FUNCTION" 

K. . . k'B~>FIPH "PLRCE CODE ON CGMMRND LINES" 

'A 10 " T R R H S n I T C t'l )1 R N D " 

RERD HS "FETCH NEXT NRNONORD" 
. X. . GRTE NS "PROCEED TO NEXT NRNOPROGRRM SEGMENT" 

=< LORD DCWfl TO DEVICE i? ON CHRNNEL 4. 

; "RSSUME DRTR TO BE LORDED IS RLRERDV IN PORT REGISTER 4" 

. . . . KR = 4 "PORT". KB =^ 12 "CODE FOR LORD DCWR".. KX = 1? "DEVICE ID" 

X. . . KB->FIPH "PLRCE CODE ON COMMRND LINES" 

G(G KX) "PLRCE DEVICE ID ON DEVICE SELECT LINES <G-E!US>" 

XI "TRANSMIT COMMRND AND DATA" 

RERD NS "FETCH NEXT NflNOWORD" 
. X. . GATE NS "PROCEED TO NEXT NRNOPROGRRM SEGMENT" 
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8. 5. 4 DRTR TRRNSFERS 

DRTR TRRNSFERS RRE NORMRLLV INVOKED BV fl DRTR INTERRUPT. ON RNV DRTR INTER- 
iUiPT THE CHRK'NEL WILL PRESENT THE CONTENTS OF BRR (BUFFER RDDRESS REGISTER) 
fOR GRTIHG INTO THE PORT. THE ISSUING OF RN RIO ON "DRTfi IN" INTERRUPTS NILL 
CifiTE THE BRR INTO THE PORT REGISTER.- SWITCH THE DEVICE TO DRTR MODE.. RND THEN 
CRUSE THE DEVICE TO PUT ITS DRTR ON THE DRTR LINES FOR LRTER GRTING INTO THE 
PORT. THE NEXT < SECOND) RIO THEN GRTES THE DRTR INTO THE PORT REGISTER RND 
GEHERRTES THE RELERSE SIGNAL TO THE CHRNNEL CSEE TIMING NOTE BELOW). IN THE 
CRSE OF "DRTR OUT" INTERRUPTS R ""DRTR RVRILRBLE" CHRNNEL COMMBND REPLBCES THE 
SECOND RID FOR RELERSIN6 THE CHRNNEL. UPDRTING OF BRR RND NC <NORD COUNT) 
OCCUR, IF EHRBLED.. ON THE SECOND RIO FOR THE "IN" CRSE RND OH "DRTR RVRIIR&LE" 
y-GR THE "OUT" CRSE. 

•IIMING NOTE: THE FOLLOWING RESTRICTION MUST BE OBSERVED. THE RIO WHICH GRTES 
THE DRTR (THE SECOND RIO RFTER R DRTR- IN INTERRUPT) MRV NOT BE ISSUED 
BEFORE THE 5TH T-PERIOD RFTER THE FIRST RIO. 



SRMPLE DRTR OUT INTERRUPT HRNDLER 

•|HE FOLLOWING CODE WILL RERD THE BRR OF THE INTERRUPTING DEVICE.. USE THRT 
VRLUE TO RDDRESS ONE WORD OF HRIN STORE.. RERD THRT MS LOCRTION RND SEND THE 
DBTR RECEIVED TO THE INTERRUPTING DEVICE; THUS RFLERSING THE CHRNNEL RND 
SRTISFVING THE DRTfi-OUT INTERRUPT. 
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■nV * >f : * * * * * * * ^.- ^,: * * * * * * * * •* H: * if; .•*: .+ * * * * * * * * * * * ^' * * * * * * * + •**><: * •+ * * >f: :<: :<: !f: * ^f: ^f ; :+; * ^f.• * * * .-4: >f : * * * ^f; H: H: * * H: H: N^ 

* EQUBTES FOR THIS FUNCTION ^^ 

H * * * + :f- * + * * * -■<: * X: * * .H; * H: >*: * X' * * ^: ^f: X' X' * X: X: * + »: * .^; •* H: -S : --i: * H: >*■■ * * + * :f H: Xt i(: * ^f■ * 4- * * * * * * * 'i- H' * .+ * ** * X: * H'- >»: X: * H: * nV 

PORT HUM = 4 "PORT 4 IDENT I TV- 

PORT PRTH = PORT Him + 32. "VRLUE 3S. FOR RDDRESSING ES<4> RS 'LS<:36>" 
DRTRVRIL = ?i "VRLUE OF DRTR RVRILRBLE CHRNNEL COHHRND" 

>( * ;-ji -.i: .+ +• .+• * ,+■ * ^f: .^: * ■+■ * * * * * * * * * .f * X: H: * * .+' >i' f X: * * * * * * if -+' * * * * * .->'•' * * * * * * * H: * * * * * * * -S'. X: if H; X' * X: * * * X' * X: •+• H: * »'■ 

n DRTR OUT INTERRUPT HRHDLER: =* 

1* ROUTES ONE DfiTB WORD FROM MRIN STORE TO CHRNNEL 4 f. 

^> RETURNS CONTROL TO THE INTERRUPTED PROCESS FOLLONING TRRNSFER s 

!{: * :i- .-<! -A: * Tf * * ■<: * * ^f : +• * ^f: * .-f * * * H: .-f; if.- X' X: +• X; -f H- * * * * * * * if: .•*: ifi if * if! * * * if; if i H< if; Hi * * * :f: * * if: * * :f +• Jfi * * + * * 'f + Xi if; if; * if ; H ; ;f; .-f : W- 

: "DRTR OUT INTERRUPT LEVEL KX, ENTRV POINT" 

.... BRRHCH<N. +!>.. KR =: PORT, NUH. KB = PORT PATH.. KX •■- MS BUSV 

S. . . ORTE NS(,MOT K> "RWRIT MRIN STORE NOT PUSV" 

KB~>FMIX.. . KB-:>FMOD "SET MRIN STORE PRTH TO EMTERNRL STORE" 

. K. . RIO "GRTE BAR TO PORT REGISTER. ES<4>" 

RERD NS "PREPRRE TO CONTINUE TO NEXT NRNOWORD" 

. . K. RERD MS "FETCH .NECESSRRV hR IN STORE NORD" 

GATE NS "CONTINUE IN NEXT HRNOWORD" 

"COMPLETION OF DRTR OUT INTERRUPT LEVEL XX" 

. . . . RLLOW INTS "ON EXIT". KX = MS DRTR.. KB = DRTRVRIL 
S. . . GRTE NSCNOT X) "RWRIT MRIN STORE DRTR RVRILRBLE" 

GRTE MS "GRTE MS DRTR ERCH TIME UNTIL SUCCESSFUL" 

. X. . XI "SIGNRL CHRHNEL CONTROLLER OF INTENTIONS" 

KB->FIPH "DRTR RVRILRBLE COMMRND" 

RERD NS "RERD NEXT NRNOWORD OF INTERRUPTED PROGRRM" 

. . X. GRTE NS "CONTINUE INTERRUPTED PROGRRM" 
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«!. Ix 5 STRTUS INTERRUPT HfiNDLING 

•(HE STRTUS INTERRUPT MECHRNISH OF THE DEVICE CONTROLLER IS DE^.CRIBED IN 
5;i:CTI0H 8. 4. 2. 2. WHEN THE CPU SENSES R STATUS INTERRUPT IT HRV ISSUE R 
"STRTUS REQUEST" CHRNNEL CDHMRND. THE INTERRUPT STRTUS WILl BE RVRILRGLE FOR 
GRTIHG INTO THE PORT RFTER THE 5TH T-PERIOD FOLLOWING THE STRTUS REQUEST R 
S'lRTUS REQUEST MBV NOT BE ISSUED IN THE MIDDLE OF DRTR INTERRUPT HANDLING. 
It. Rp-fER THE RIO THAT RERD BRR INTO THE PORT. 

•tHE FOLLOWING NRNOWORD WILL READ THE INTERRUPT STRTUS OF THE INTERRUPTING 
DEVICE ON CHRNNEL 4 INTO LS<G. STRT>. WHERE G. STRT REPRESENTS R 6-RFGISTER 
(HRT POINTS TO THE LOCRL STORE REGISTER TO RECEIVE THE STRTUS G DFV IS 
USED TO REPRESENT RNOTHER G-REGISTER WHICH WILL ITSELF RFCEIVE THE DEVICE 
ID RETURNED BV THE INTERRUPTING DEVICE. 

=< THE STRTUS INTERRUPT HRNDLER WILL TRRNSFER CONTROL TO THE SVSTEI1 SUPERVISOR 
■t TO RNRLVSE THE STRTUS RETURN.. RND TO CHANGE THE OPERflT)NG STRTE IF NEEDED 

"STRTUS INTERRUPT LEVEL VV, ENTRY POINT" 
.... DRRHCH<SVSTE!1 INT> "SUPERVISOR TRRNSFER RDDRES5" 

KR = 4 "PORT". KB = ?? "STRTUS REQUEST COMHR'nD" 
■•'■• • ■ ><IC. KB->FIPH "PLACE CHRNNEL IN STRTUS HODE" 
. S. . G<Q. STRT) "IDENTIFV G REGISTER" 

G~>FEOD. KR->FEOR "SET UP EXTERNRL STORE TO LOCRL STORE PATH" 
. . K. 10 ID-:>G. DEV "SAVE THE DEVICE ID.. WHICH IS NOW RT THE PORT" 
...S RIO.. GATE ES "RERD THE PORT RND PRSS THE STRTUS TO LSv'G STAT)" 

RERD NS. GATE NS "TRRNSFER CONTROL TO THE SVSTEIi SUPERVISOR" 
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i:.. 5. 6 DIRtCT REQUEST COMHflHDS 

•fHt DIRECT REQUEST COflMRNDS RLLOM R QM-i PROGRRM TC EKRi'lINE RLL OF THE 
CONTROL REGISTERS OF R DEVICE WITHOUT RFFECTING THE CURRENT STRTE OF THE 
CHRNNEL OR DEVICE. AFTER SENDING R DIRECT REQUEST CDflMRND THE CPU PRDGRRM 
KUST WRIT FOR R MINI HUM OF 5 T-PERIODS BEFORE GATING RNV EXPECTED DRTR INTO 
IHE PORT. THE PROGRfli'i ilUST THEN SEND RN RIO TO RERD THE DESIRED DRTR INTO 
"(HE QM-:t PORT REGISTER. THE RIO RLSO RETURNS THE CHRNNEL TO WHRTEVER STRTE 
rr \4fiS IN PRIOR TO THE DIRECT REQUEST. FOR THOSE DIRECT REQUEST COililRNDS 
•!HRT OUTPUT DRTR NO TIME DELRV IS REQUIRED. IN THIS CRSE THE DIRECT REQUEST 
TRriNSMITS THE COMMRND RHD RNV DRTR IMflEDI RTELV. RN RIO IS NOT BLLOR-r--r.. RND 
is HOT EKPECTED BV THE CHRNNEL. 

v\U RDDITIONRL TIfllHG NOTE: DRTR INTERRUPTS OCCUR RT THE MOMENT WHEN THE EiRR 
DBTR IS JHMEDIRTELV RVRILRBLE RT THE PORT DRTR LINES.. RND THE "TRSK ID" IS 
RV'RILRBLE ON THE DEVICE ID LINES. THIS INFORHRTION IS EXPECTED BV THE DRTR 
INTERRUPT HANDLERS. THEREFORE. WHEN fl DIRECT REQUEST HRS TEMPORRRILV 
CHBNGED THE INFORMBTION CONTENT ON THOSE LINES <IE. RN "INPUT WORD COUNT 
REGISTER" COMMfiND) THE PROCESS IN CONTROL MUST GURRRNTEE RT LERST RNOTHER 
S T-PERIODS <3m NRNOSECONDS). RFTER RELERSE OF DIRECT REQUEST MODE.. TO 
RLL.CW RETURN OF THE ORIGINRL DRTR-MODE INFORMRTION. 

fs SIMPLE NRNOPROGRRM TO RERD THE DCWR REGISTER MIGHT BE RS FOLLOWS. 

RDCN; "DCWR OF DEVICE B ON PORT 4 IS RERD INTO THE PORT REGISTER" 

. . . . KR = 4 "PORT". KB = 14 "COMMRND TO RERD DCWR" 

S. . . XIO. Q(G B>. KB->FIPH "SEND DIRECT REQUEST TO DEVICE B" 

X. RERD NS "WRIT RT LERST 5 T-PERIODS" 



y 



RIO.. GBTE NS "RERD INTO PORT REGISTER RND EXIT" 
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f;. 5. ? DRTR CHRINING 

i>flTR CHRINn^G IS R FRCILITV WHICH ENRBLES THE PROGRRM TO CONNECT SEPRRRTE 
!.-:LOCKS OF DRTR IN MfilN ilF.HORV RS ONE "CONSECUTIVE" BUFFER. THE DEVICE 
CONTROLLER CONTftlNS BRSIC LOGIC TO SUPPORT THIS FRCILITV. SEVERRL OPTIONRL 
METHODS EXIST. ERCH PROVIDING VRRVING DEGREES OF EFFICIENCV FOR EFFECTING 
DHTR CHRINING. THOUGH ONLV THE MOST ELEMENTRRV QH-1 METHOD IS DESCRIBED. 

■fO PERMIT DRTR CHAINING THE SUPPORTING PROGRAM MUST PROVIDE R LIST OF BUFFER 
IIDDRESSES RND DRTR LENGTHS IN RDVRNCE OF STARTING THE CHRINED OPERRTION. 
INITIRLLV THE FIRST BUFFER SEGMENT STRRTINIj RDDRESS IS LORDED INTO THE BRR.. 
RHD THF HORD COUNT PLUS DRTR CHRININ6 INDICRTDR <BIT IG OF THE WORD COUNT 
VRL.U!-:> IS LORDED INTO NC. THE DEVICE CONTROLLER WILL SENCE WC GOING ZERO 
RHD GRNERRTE fi STRTUS INTERRUPT. IN THIS CASE THE INTERRUPT SIRTUS REGISTER 
I'ilLL BE FOUND TO HRVE BIT 5 (DRTR CHRINING IN EFFECT) SET IN PLRCE OF THE 
USURL BIT 4 CNORD COUNT GOING ZERO>. THE STRTUS INTERRUPT HRNDLER MUST THEN 
i-ETCH THE NEXT SET OF WORDS IDENTIFVING THE FOLLOWING BUFFER SEGMENT.. FROM 
■!HE BUFFER LIST.. RND TRRNSFER THEM TO THE BRR RND WC. THIS IS FOLLOWED BV 
R -'STRRT" COMMRND WHICH CONTINUES THE ORIGINRL DRTR TRRNSFER OPERRTION WITH 
U DRTR INTERRUPT. 

DRTR CHRINING PROCEDURES FOR DEVICES WITH HIGH TRRNSFER RRTES REQUIRE MORE 
RUTOMRTED METHODS OF CHRINING. THESE METHODS RRE UNIQUE TO ERCH HIGH SPEED 
DEVICE.. RND RRE DISCUSSED INDEPENENTLV WITHIN THEIR RESPECTIVE DEVICE CONTROL- 
LER MRNURLS. 
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i:. 6 EXRMPLE OF RN RCTUflL DEVICE CONTROLLER 

S: G. 1 DEVICE SPECI F ICRT IONS 

■iHlS SECTION DESCRIBES THE DEVICE CONTROLLER RND OPERRTION OF THE NRNODRTfl 
1. Pi:<!:. LINE PRINTER. THE LPi35 IS R LOW SPEED DEVICE CBPRBLE OF OUTPUTTING HRRD 
COPV COMPRISED OF PRINTED LINES.. UP TO 132 CHRRRCTERS 141 DE.. «T R RRTE OF 135 
!. .THES PER MINUTE. THERE RRE 64 CHRRRCTER CODES RVRILRBLE.. CORRESPONDING TO 
UShCII CODES 40 TO 137 <OCTRL.^. THE LP135 RLSO HRS R FOUR CHRNNEL VERTICRL 
i^ORHRT TRPE. 




■;HE LP135 RLSO HRS PROVISION FOR FORM FEED CONTROLS.. RND FOUR FORURT CHRNNEL 
JHDICR-fOKS. THE TERM '•SKEW" IS USED.. IN THIS DISCUSSION.. TO INDICRTE FORMS 
i'-.DTJQN TI-fROUGH THE PRINTER. "SKEW NODE" REPRESENTS THE CONTINUOUS FORMS MOTION 
IHROU'GH THE PRINTER.. BEVOND ONE INTEGRRL LINE. THE NEKT SECTIONS DESCRIBE THE 
CONTROL OF THE LP135 IN CONJUNCTION WITH THE STRNDRRD DEVICE CONTROLLER ON THE 
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a. 6. 2 COHTROLLER SPEC I F I CRT J ONS 

IHE FOLLOl-ilHG LISTS RR'E DESCRIPTIONS OF THE PRINTER STRTUS REGISTERS,. DEVICE 
CONTROL WORDS. fiND THE PRINTER DEVICE COMMRNDS. THE LISTS SPECIFV STRNDftRD RS 
KELL RS DEVICE DEPENDENT FUNCTIONS. 

?:. 6. 2. 1 DEVICE STfiTUS 

STRTUS REGISTER USfiuE <SR RND ISR> 

r.'J:FER 10 SECTION S. 4. 2. 2 FOR i=! GENERRL DISCUSSION OF THE STRTUS REGISTERS. 

RPPERRS 
iiUT POSITION ■?: I DENT DESCRIPTION OF STRTUS IN ISR 

8 DEVICE RERDV _R "1" INDICRTES THRT POWER IS RPPLIED TO THE VES 

PRINT UNIT.. PRPER IS PROPERLV INSTALLED.. RND 
THE RERDV BUTTON HRS BEEN DEPRESSED. 

■1 DEVICE NOT aUSV _.R " i " INDICRTES THE DEVICE I.S MOTIONLESS.. RND VES 

IS NOT IN OPERRTION ON RNV COMPUTER ISSUED 
CDMMRNDS. 

2 ERROR CONDITION _THE LOGICRL "OR" OF STATUS REGISTER BITS 12.. VES 

IS. le.. AND 17. 

5 EiUFFER RERDV ..THE PRINTER'S LINE BUFFER IS RERDV FOR CHRR- VES 

RCTER LORDING <SEE SECTION 8. 4. 2. 2>. 

4 WORD COUNT ZERO ..(DESCRIBED IN SECTION 8. 4. 2. 2>. VES 

•o DRTR CHRINING ..(DESCRIBED IN SECTION 8. 4. 2 2>. VES 

6 LINE BUFFER FULL _THE 132 CHRRRCTER LINE BUFFER IS FULL. VES 

R "RERL TIHE" INDICATION OF LINE BUFFER STRTE. 
THIS CONDITION IS PREREQUISITE TO RN flCTURL 
PHVSICRL PRINT CVCLE. BUT IS RUTOtlRTICRLLV 
PRODUCED FOLLOWING R "PRINT" C0I1I1RND TO THE 
DEVICE CONTROLLER. 

? LINE COUNT _R STRTUS INTERRUPT PRODUCED. ONLV IF ENABLED.. VES 

. EVERV TIME THE PRINTER PASSES THE START OF R 
LINE POSITION DURING FORMS MOTION. IF THE 
PRINTER IS IN "SLEW MODE" THE PROGRAM HAS ONE 
MILLISECOND TO STOP THE "SLEW" IN ORDER TO STOP 
ON THE CURRENT LINE. THIS BIT IS RESET BV THE 
"CLEAR ERROR" COMMAND (SEE SECTION 8.4.2.5?. 

8 FORMAT CHANNEL 1 _A STRTUS INTERRUPT PRODUCED.. ONLV IF ENABLED.. VES 



(n'M-I HRRDWRRE level USER-'S MfiNURL 



NRNODRTfl CORPORRTION 



PFlGE D2.1f. 



9 

12 
±2 



FORHRT 
FORHHT 

rORHFlT 

DMR 

Dl'lR 



CHRNNEL 

CHANNEL 

CHRNNEL 

REDRESSING 

EXCEPTION 



IG LOST DR TR 



COHllRND REJECT 



EVERV TIME FORMRT CHRNNEL i IS ENCOUNTERED, ON 
THE FORHS CONTROL TRPE, DURING CRRRIflGE MOTION. 
IF IN "SLEW MODE". THE PROGRRM HRS ONE MILLI- 
SECOND TO STOP THE "SLEW" IN ORDER TO STOP 
ON THE DESIRED LINE. THE BIT IS CLERRED NHEN 
THE NEXT LINE IS ENCOUNTERED. 

FOR CHRNNEL 2. 

FOR CHRNNEL 3. 

FOR CHRNNEL 4. 
SECTION 8. 4. 2. 2>. 
SECTION S. 4. 2. 2). 
_R STRTUS INTERRUPT PRODUCED. ONLV IF ENRBLED, 
WHEN RN RTTEMPT HRS BEEN MRDE TO LORD THE LINE 
BUFFER WHEN THE BUFFER IS NOT VET RERDV FOR R 
NEW CHRRRCTER. THIS DEVICE DOES NOT DEHRNi.> THRT 
CHRRRCTERS BE TRRNSFERRED TO ITS LINE BUFFER 
WITHI'N R LIMITTED TlhE FRRME. THEREFORE. THIS 
ERROR USURLLV WILL INDICRTE R HRRDWRRE MRLFUNC- 
TION. 



2 ..SRME flS ABOVE. 

3 „SRME RS RBOVE. 

4 ..SRME RS RBOVE. 
ERRnR_.STRNDRRD (SEE 

-STRNDRRD (SEE 



VES 

VES 

VES 

NO 

NO 

NO 



IF "COMMRND 
THE FOLLOWING 



„R STRTUS INTERRUPT IS GENERATED 
REJECT" IS ENROLED. WHEN RNV OF 
CONDITIONS OCCUR; 
i> RNV FORM FEED COMMRND ISSUED WHEN THE UNIT 

IS NOT RVRILRBLE (SEE STRTUS BIT 2.. RBOVE) 

OR IS NOT RERDV (STRTUS BIT OX 
2> RN RTTEMPT TO CLERR THE • JNE PUFFER WHILE R 

PRINT CVCLE IS IN PROGRESS. 
3> RN RTTEMPT TO PRINT R LINE WITHOUT ONE OF 

THE FOLLOWING STRTUS CONDITIONS BEING TRUE: 
RERDV (UNIT RVRILRBLE). 



ve: 



FOLLOWING 
R> BUFFER 

OR 
B> BUFFER 



FULL. 
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8. e. 2. 2 DEVICE COMflRNDS 

PRINTER DEVICE COMMRNDS 

REFER TO SECTION 8, 4. 2. 5 FOR R COMPLETE DISCUSSION ON DEVICE COMMANDS, RLL 
COHMRWD CODE VfiLUES RRE SHOWN IN OCTAL. 

CODE CDMHRND DESCRIPTION 

81 CLERR DEVICE _STRHDRRD (SEE SECTION 8. 4. 2. 5). 
34 ENRBLE DEVICE .STRNDRRD. 

INTERRUPTS 
B5 DIShBLE DEVICE _STRNDRRD. 

INTERRUPTS 
6? RERD STRTUS _STRNDRRD. 
li LORD NORD COUNT _STRNDRRD. 
12 LORD BUFFER _.STRNDRRD. 

RDDRESS REGISTER 

21 RERD NORD COUNT _STRNDRRD. 

22 RERD BUFFER _STRNDfiRD. 
RDDRESS REGISTER 

38. LORD DEVICE _STRNDRRD. 

CONTROL NORD R 
:<1 LORD DEVICE „STRNDRRD. 

CONTROL WORD B 
Ls4 RERD DEVICE _STRNDRRD. 

CONTROL WORD R 
:^5 RERD DEVICE _STRNDRRD. 

CONTROL WORD B 

40 STRRT OPERRTION _.THIS C0I1MRND COMBINES THE FUNCTIONS OF COMMRNDS 41 
BND PRINT RND 42.. DESCRIBED BELOW. IT CRUSES RUTOMRTIC 

PHVSICRL LINE PRINTING TO OCCUR.. RS WOULD BE EFFECT- 
ED BV COMHRND 42, IMMEDI RTELV FOLLOWING THE WORD 
COUNT REGISTER RERCHING ZERO. IN GENERAL, THIS 
COHNRND INITIRTES ONE FULL LINE PRINTER OPERRTING 
■ CS'CLE; FROM DRTR TfcRNSFER TO COMPLETION OF PHVSICRL 
LINE PRINTING.. AND RUTOMRTIC RDVRNCE TO THE NEXT. 
REFER TO COMMRNDS 41 RND 42 FOR RDDITIONRL DETRIL. 

41 STRRT OPERRTION .ASSUMING THE PRINTER IS RERDV.. RND THE DEVICE CON- 

TROLLER REGISTERS ARE PROPERLV I NI TI RLI2ED.. WITH WC 
CONTRINING R NON-ZERO VALUE, R DRTR BLOCK TRANSFER 
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WILL BE STRRTED. "STRRT OPERRTION" TRIGGERS THE 
FIRST DRTR-OUT INTERRUPT REQUEST TO THE CPU OR DMA 
(DEPENDING ON DMR MODE SETTING?, FOR THE CURRENT 
DRTR BLOCK. 
42 PRINT ..THL: PRINTER WILL PRINT THE CURRENT CONTENTS OF THE 

LINE BUFFER RND THEN RUTOMRT ICRLLV RDVflNCE TO THE 
NEKT LINE. IF THE BUFFER IS NOT FULL IT WILL BE 
RUTDMRT ICRLLV BLRNK FILLED. THIS COMtlRND IIRV NOT 
BE ISSUED UNLESS EITHER THE "BUFFER RERDV" OR 
"BUFFER FULL" CONDITION IS TRUE <SEE STRTUS RBOVE). 

45 CLERR BUFFER _.BLRNK FILLS THE ENTIRE PRINTER LINE BUFFER, RND 

SETS THE DUFFER TO RNi EMPTV CONDITION. tIRV BE 
ISSUED ONLV IF THE "BUFFER RERDV" STRTUS BIT 
IS TRUE. 

46 CLERR ERROR _STRHDRRD (SEE SECTION 8. 4. 2. 5). 

NOTE: RLL OF THE FORMS HOTION (CONTROL) COMMRNDS DESCRIBED BELOW REQUIRE THE 
"BUFFER RERDV" STRTUS CONDITION. 

r.0 SPRCE .-CRUSES THE PRINTER TO RDVRNCE THE FORMS IMHEDIRTELV 

(LINE FEED? TO THE NEXT LINE. 

yi SlOP TO FORMRT .STRRT FORMS "SLEW". STOP WHEN FORMRT CHRNNEL 1 IS 

CHRHNEL 1 ENCOUNTERED. 

r.2 SKIP TO FORMRT ...SRME RS 51.. FOR CHRNNEL 2. 

CHRNNEL 2 

53 SKIP TO FORMRT _,SRME RS 51, FOR CHRNNEL 3. 
CHRNNEL 3 

54 SKIP TO FORMRT ...SAME RS 51.. FOR CHRNNEL 4. 
CHRHNEL 4 

t.4 STRRT SLEW _STRRTS "SLEW MODE" CONTINUOUS FORMS MOTION. MOTION 

CONTINUES UNTIL fl "STOP SLEW" (65), "CLERR DEVICE" 
(61), OR "I/O RESET" <7&> COMMAND IS ISSUED. 

C-.S STOP SLEW -STOPS FORMS MOTION, PREVIOUSLV ISSUED BV RNV OF THE 

FORMS CONTROL COMMRNDS (ABOVE). 
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B. 6. 2. :< DEVICE CONTROL WORDS 

PRINTER DEVICE CONTROL WORDS <DCWR fiHi> DCWB> 

REFER TO SECTION 8. 4. 2. i FOR R DISCUSSIOcN OF STRNDBRD DCW FUNCTIONS. 
BIT IDENTITY DESCRIPTION 



DBTfi MRPPING CONTROLS 



OCWfl 82 TRRNSLFlTE 



{H:\m o: 



!M":WR CM 

!n':WR 05 
i:'CWB 06 



PFiCK/ UNPACK 



_IF SET, THE PRINTER CONTROLLER WILL 
TRfiNSLFlTE LOWER CRSE RSCII CHRRRCTERS 
TO UPPER CRSE, 

_IF SET,, THE PRINTER CONTROLLER WILL 
UNPfiCK TWO 8-BIT BVTES FROM ERCH .18 
BIT WORD TRRNSFERRED. THE LEFTMOST 
CHRRRCTER <BIT POSITIONS S TO 15 > IS 
RCCESSED FIRST. THE CHRRRCTERS WITHIN 
THE 18 BIT WORD RRE RIGHT JUSTIFIED. 
THE HIGH ORDER TWO 'BITS RRE IGNORED. 
IF THE WORD COUNT REGISTER IS BEING 
EMPLOVED DURING "PRCKED" MODE OPERRTION 
IT WILL BE DECREKiENTED BV TWO FOR ERCH 
QM-1 DRTR WORD TRRNSFERRED, THERE BV 
BECOMING R CHRRRCTER COUNT. 



STRNDRRD STRTUS INTERRUPT ENRBLE MRSKS 



COMMRND REJECT 

RNY ERROR CONDITION 

DEVICE RERDV 



i). 



DCWB 0? NOT BUSV 



DCWR 00 UNIT RVRILRBLE 
(BUFFER RERDV > 
DCWR 09 WORD COUNT ZERO 



..STRNDRRD (SEE SECTION 0. 4 

_STRNDRRD. 

_i-:NRBLES fl STATUS INTERRUPT WHENEVER THE 
PRINTER RERDV OR RESET BUTTONS CRUSE R 
CHRNGE IN THE PRINTER'S RERDV CONDITION. 

_ENRBLES fl STRTUS INTERRUPT WHENEVER THE 
PRINTER COMPLETES R FULL OPERATING CVCLE. 
INDICATES Rl^i END OF "SLEW MODE" OPERRTION 
RS WELL RS f-1N ACTUAL PRINT CVCLE. 

_ ENABLES R STRTUS INTERRUPT WHEN THE LINE 
BUFFER BECOMES RERDV FOR CHARACTER LORDING. 

.STANDARD. 
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PRINTER DEPENDENT STRTUS INTERRUPT EHfiBLE MfiSKS 



IR :1.e FORMRT CHRNNEL i 



DCwfl 


11 


FORHRT CHRNNEL 


•?■ 


l^CMR 


12 


FORflRT CHHKHEL 


3 


:)C!4R 


13 


FORfiRT CHRNNEL 


4 


IK-HR 


1 4 


LINE COL'.NT 





IJCWR 



BUFFER FULL 



_ENR8LES fl STRTUS INTERRUPT ERCH TIME FORHRT 

CHRNNEL i IS ENCOUNTERED. 
_5RME FiS DCWR l^is.. FOR CHRNNEL 2, 
„SRHE RS DCWF, IS. FOR GHRNNEL K. 
_SRME RS DCWR 16.. FOR CHRNNEL 4. 
_ENRBLES R STRTUS INTERRUPT EVERV TIME R NEN 

PRSSED. DURING FORHS riOTION. 



R STRTUS 
LINE POSITION IS 
ENRBLES R STRTUS INTERRUPT 
LINE BUFFER BECOMES FULL. 



WHEN THE PRINTER 



Li. DCNB FUNCTION FOR THIS DEVICE RRE STRNDRRD 
HE DISCUSSION OF THE DCWB CONTROLS. 



REFER TO SECTION S. 4, 2. 1 
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h. 6. :<. i DRTfi TRANSFER OPERATION 



JNITIfiLIZATION: 



•fHE GENERAL INITIALIZATION PROCEDURE IS DESCRIBED EXTENSIVELY IN SECTION 

$i. 5. 2. THE FOLLOWING IS SPECIFIC TO THIS PRINT OPERATION. ASSUME THAT THE 

PRINTER IS KNOWN TO BE READV.. AND OPERATIONAL. THE DCW REGISTERS ARE LOADED. 

•(HE FOLLOWING DCWA STATUS INTERRUPT ENABLE MASKS ARE SET • 
DCWA 05 ANV ERROR CONDITION 
DCWR 06 DEVICE RERDV 
DCWA 6? NOT BUSV 
DCWA 68 BUFFER READV 
DCWA 09 WORD COUNT 2ER0 

■(HE FOLLOWING DCW8 DATA ROUTING SUPPORT CONTROLS ARE SET: 
DCWB 06 DECREMENT WORD COUNT 
DCWB 67 INCREMENT BUFFER ADDRESS REGISTER 

f;LL OTHER DCW BITS ARE LEFT RESET ''I'ZERO). BAR IS THEN LOADED WITH THF FIRST 
NURD ni,)DRES.S OF THE DATA BLOCK IN MAIN STORE. WC IS LOADED WITH THE NUMBER 
OF WORDS (CHARACTERS) FOR THE LINE TO BE PRINTED. THE PRINTER IS NOW READV 
[•OR THE START OF ITS FIRST OPERATION. WHICH IS DESCRIBED UNDER DATA TRANSFER 
BELOW. 



5; TAT US 



•(HE DEVICE STATUS CAN BE READ AT ANV TIME VIA THE "DIRECT REQUEST" MECHANISM 
(Sf-E SECTION 8. 4. 2. 4>. A STATUS INTERRUPT MAV OCCUR ON ANV OF THE 
ilHABLED BV DCWA AND DCWB. STATUS INFORMATION ACCESSING 
DHRD.. AND ARE EXTENSIVELY DESCRIBED IN SECTION « 4 2 2 



OPERATIONS 



CONDITIONS 
ARE STAN- 



I.M-rrA TRANSFERS: 



AFTER THE PRINTER CONTROLLER HAS BEEN INITIALIZED,. AS DESCRIBED ABOVE- THE 
STATU.S SHOULD BE READ TO MAKE SURF. THAT NO ABNORMAL CONDITION EXISTS AND THAT 
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THE PRINTER IS REftDV FOR THE TRftNSFER: DEVICE RERDV, NOT BUSV. BUFFER REflDV. 
THE PROCSRRM HUST ISSUE RN "ENRBLE DEVICE INTERRUPTS" <64> COMMAND WHICH LINKS 
THE DEVICE INTO THE CHANNEL PRIORITV CHRIN> AND ALLOWS INTERRUPTS TO BE 
7RRNSMITTED TO THE CPU. 

I HE "START OPERATION" <41> COMMAND WILL GENERATE THE FIRST DATA-OUT INTERRUPT 
DATA TRANSFERS ARE FURTHER DESCRIBED IN SECTIONS 8.4.3.2 AND 8 5 4 AFTER EACH 
KORD C CHARACTER) HAS BEEN RECEIVED BV THE f^R INTER CONTROLLER.. AND TRANSFERRED 
Ui THE LINE BUFFER. THE CONTROLLER WILL UPDATE THE VALUES IN BAR AND WC AND 
TiiEH WILL GENERATE THE NEXT DATA-OUT INTERRUPT. WHEN WC REACHES 2ER0 A <^.TATU<; 
INTERRUPT IS GENERATED AND THE CORRESPONDING 5R AND ISR BITS ARE SET. 

BEFORE THE PHVSICRL PRINT CYCLE IS INITIATED. THE PROGRAM SHOULD CHECK WHETHER 
•(HI:; PRINTER IS RERDV FOR THE "PRINT" <42> COMMAND (SEE THE COMMAND LIST IN 
SECT.\ON 8.6.2.2.. ABOVE.\ THE "PRINT" COMMfiND IS THEN ISSUED. THE END OF THE 
PRINT CVCLE WILL RESULT IN BOTH THE "BUFFER RERDV" AND "NOT BUSV" STATUS", INDIC- 
ATIONS OCCURRING TOGETHER a.iNIQUE TO THE LPlSS PRINTER). FOLLOWING THIS STATU<; 
INTERRUPT THE PRINTER CONTROLLER MAV BE PREPARED FOR ITS NEXT OPERATION 
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a. G. 2. 2 DEVICE CONTROL FUNCTIONS 

r-iLL FORHS CONTROL COMMRHDS MRV BE ISSUED ONLV WHEN THE PRINTER "BUFFER RERDV" 
STflTUS IS SET <"1"). DRTR TRRNSFERS TO THE LINE BUFFER I1RV BE PERFORMED EVEN 
K'HILE R FORM FEED. OR OTHER "SLEW tlODE".. OPERRTION IS IN PROORE.SS. IN PREPRR- 
RTIOH FOR RN IMMEDIRTELV FOLLOWING PRINT CYCLE. 

Fl "SPRCE" <58> COMMRND WILL RDVRHCE THE PRINTER EXRCTLV ONE LINE POSITION. 

H "SiaP TO FORMRT CHRNHEL 1" (5i> COMMAND WILL RDVRNCE THE FORMS UNTIL FORMRT 
CHflHNEL 1 IS ENCOUNTERED. SIMILRRLV.- COMMBNDS FOR FORMRT CHRNNELS ?.. 2.. RND 4 

KILL HRVE THE 5RME RFFECT. 

i-lNOTHER FORM FEED OPERRTION IS "SLEW MODE". IT IS INITIRTED BV R "STRRT SLEW" 
<64'> COMMRND. THE PROGRRM MflV CONTROL THE RMOUNT OF FORHS RDVRNCE (-::S' REFERENC- 
JHG EITHER THE FORMRT CHRNNELS OR THE LINE COUNT INDICATORS <SEE SECTION 
8.6.2.1. RBOVEX THE "SLEW" IS LIMITED TO FOUR CONVENTIONRL PAGES WORTH OF 
i^ORMS RT R -flME.. TO AVOID ACCIDENTAL WASTE OF PAPER. RN AUTOMATIC "STOP SLEW" 
is ISSUED BV THE CONTROLLER ON A RUNNAWAV FORMS CONDITION. TO STOP THE "SLEW" 
THE PROGRAM MUST ISSUE R "STOP SLEW" C65> COMMAND.. OR SOME FORM OF DEVICE 
CLERKING COMMRND. TO STOP MOTION AT THE LINE POSITION MOST RECENTLS' INDICATED 
•(HE "STOP SLEW" COMMAND MUST BE ISSUED WITHIN ONE MILLISECOND OF NOTIFICATION. 
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5> INSTRLLRTION PLRNNING ■•*-**PREL I MINflRV INFORMRTION FOR GUIDELINE USE ONLV*h.* 
a. i GEHERRL 

THIS SECTION HAS BEEN PREPBRED TO SERVE flS GUIDE FOR SITE PLANNING RND SITE 
PREPRRRTION FOR THE QM-:l COMPUTING SVSTEM. IT CONTAINS THE GENERAL INFORMRTION 
rOR DETERMINING FLOOR SPACE.- AIR CONDITIONING AND POWER REQUIREMENTS. 

9. 2 SPACE REQUIREMENTS 

)H THE STANDARD CONFIGURATION.. THE QM-1 CPU CONSISTS OF 2 BAVS THF "^ BRV"=^. RRI- 
KORMRLLV ASSEMBLED INTO A "V" CONFIGURATION AS SHOWN BELOW: 

•-'^ /S BRV 1 IS 23. 50" WIDE. 27" DEEP RND 61. 75" HIGH 

/ N • / S BRV 2 AND BRV 3 RRE BOTH: 

"^ ■'' N 27.75" WIDE.. 27" DEEP AND 61.75" HIGH 

/ \ / \ 

/ BRV s / \ BAV 2 S 
■^ / S / BRV 2 HOUSES THE CENTRAL PROCESSOR, CONTROL 
\ / \ / STORE. AND NANOSTORE. 

\ / N / BAV S HOUSES MAIN STORE AND THE POWER 

\ / SUPPLIES. 

I I 

J I BAV 1 IS OPTIONAL. RND NORMALLV HOUSES DISK 

I f'l^V i I DRIVES. TAPE DRIVES.. AND CONTROLLERS. 

I I 

FRONT 

riCCESS TO THE INTERNAL COMPONENTS OF THE SVSTEM IS THROUGH SWING OUT DOORS ON 
iiflCH SIDE OF BRV 2 AND BAV !.> AND THROUGH THE FRONT OF BAV 1. 

BAV :1 HHV CONTAIN ONE DISK DRIVE AND CONTROLLER CNRNODATA DD50>. AND TWO 12 5 
)PS TAPE DRIVES AND CONTROLLER (NANODATA TT12. 5>, RLTERNRT I VELV. BRV 1 MRV 
CONiniN TWO DISK DRIVES AND CONTROLLER. IN EITHER CASE. A ROLLOUT RACK EXTEND*'. 
■?.-s" FOR SERVICE. THE REMAINING SERVICE REQUIREMENTS ARE HANDLED BV REMOVING 
•(HE SIDE PANELS. 

•(HE COMPLETE SVSTEM.. WITH SWING OUT DOORS FULLV OPENED AND THE RACK FULLV 
liXTEHDED.. MEASURES :124" WIDE AND 112" DEEP. 



CsM1--l HRRDWHRE LEVEL USER'S MRNURL NRKDDflTfl CORPORRTJON PRQE Qi2;><; 

9. Z< EHVIROHMENTFIL REQUIREMENTS 

•JEHPERRTURE 

•|HE RMBIENT TENPERRTURE OF THE INSTRLLRTION SITE SHOULD BE MRINTRINED BETWEEN 
(-.8 DEGREES F RND 88 DEGREES F. THE RECOMMENDED TEMPERRTIURE IS?Ci DEGREES F. 
CiPERRTION WITHIN THE LIMITS GIVEN WILL HAVE NO RDVERSE EFFECT ON SYSTEM 
5;VSTEM PERFORMRNCE. 

HUMID I TV 

f-! RELRTIVE HUMIDITV OF 40 - SO PERCENT RT THE INSTRLLRTION SITE IS RECOMMENDED. 
MUMTDITV CONDITIONS MUST NOT RLLOW CONDENSRTION TO OCCUR ON RNV SURFRCE OR 
COMPONENT WITHIN THE SVSTEM. EXCES5IVELV LOW HUMIDITV (IE LESS THRN 25V. RH ) 
KRV CRUSE PROBLEMS WITH PRINTER PRPER RND CRRDS.. DUE TO STRTIC CHRR6ES. 

RIR CONDITIONING REQUIREMENTS 

■I HE REQUIREMENTS FOR RIR CONDITIONING WILL VRRV GRERTLV WITH SVSTEM CONFIGURR- 
•ilON.. USE.. RND LOCRL CONDITIONS. R TVPICRL INSTRLLRTION WILL PRODUCE R THERMRI. 
LORD OF 28,800 TO 25.000 BTU/HR. 

9. 4 POWER REQUIREMENTS 

KOMINRL POWER REQUIREMENTS OF THE QM-1 COMPUTING SVSTEM RRE : 

120/200 VOLTS.. 3 PHRSE, 

GO HZ I? 7 KVR. 
•|HE SVSTEM IS RLSO RVRILRBLE <0N SPECIRL ORDER) TO OPERATE ON 50 HZ. 

UNLESS OTHER POWER CABLING IS REQUESTED, NRNODRTR WILL SUPPLV THE SVSTEM WITH 
R POWER CRBLE TERMINRTED IN R MRLE PLUG RS FOLLOWS: 

:< POLE.. 4 WIRE GROUNDING.. 125/250 VOLTS. 

HUBEELL PLUG 14-:-:0P.. MODEL NUMBER 94:<i OR 9412 
(HE HOWER CRBLE MRV ENTER BRV S RT EITHER THE BOTTOM OR TOP. 

■|HE CUSTOMER'S SITE SHOULD PROVIDE THE FOLLOWING POWER: 

ONE LINE.. :< PHASE, 120/289 VOLTS, 4 WIRE P 40 RMPS, WITH 
RECEPTICLE - HUBBELL 14--S0R, MODEL NUMBER 94LUxi OR EQUIVRLENT. 
CIRCUIT BRERKER PfiNEL WITH 

i CIRCUIT— :< PHRSE/30 RMPS 

3 SINGLE PHRSE CIRCUITS <ie RMP CIRCUIT BRERKERS - S PER PHASE 
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5J. 5 PERIPHERAL REQUIREMENTS 




LINE PRINTER ~ NRHODRTR F2&& 

< INCLUDING PRPER STRND RND STRCK'ER> 

38" DEEP X :<e" WIDE X 41" HIGH 12Ci VRC ~ RMPS 

ChRD RERDER - NRNODRTR CR£80 

<TCiP MOUNTED OH STCiRRGE C:flEINET> 

22" DEEP X 18. 5" WIDE X 4S" HIGH 128 VRC - RMPS 

CRT - NRHODRTR DT2 

OIDUNTED ON SPECIRLLV DESIGNED TflBLE> 

-.58" DEEP X 48" WIDE X 4:<. 5" HIGH 120 VRC - RMPS 

TRPE DRIVE - NRHODRTR TT45 

V'INDIVIDURL CRBINETS NOT PRRT OF CPU> 

21 "DEEP X 26" WIDE X 58" HIGH 120 \'f\C - RMPS 

CDNTRCT NRNODRTR MRRKETING DEPARTMENT FOR REQUIREMENTS OF PERIPHERRLS NOT SHOWN 

i"ii:. RE. 
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CUSTOMERS SHOULD PLAN INSTRLLRTION DETRILS WITH NRNODRTR SERVICE PERSONNEL RT 
lEHSl ■:iO DRVS PRIOR TO DELIVERY. THIS WILL RSSURE PROPER CRB:LING.. CIRCUIT 
PROTECTION.. GROUNDING RND NOISE CONTROL. 
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flPPEHDIX ft - QM-i PORT INTERFflCE ' SPECIFICRTI ONS 



C3ENERRL SPECIFI CRT ION«^ 
THE PORT SIGNRLS 



R-2 

n-2 

ft -2 
R-S 

R-2 
THE 



1 GENERRL 

2 rUNCTIONRL DESCRIPTION OF THE PORT SIGNRL^ 

3 ELECTRICRL SPECI F I CRTl ON OF THE PORT <;]GNRL«: 

4 TIMING OF THE PORT SIGNRLS 

5 PIN RSSIGNMENT OF THE PORT SIGNflL«^ 
INTERFfiCE CRRD 
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f-; - i G E i-i F: R R L S P E C I F I C R T ! N S 

liUS SECTION GIVES ELECTRICRL SPECIFICRT I ONS FOR THE USER DESIRING TO 
}HTERFfiCE HIS EQUIPHENT DIRECTLV TO THE QH-l PORT. BECfiUSE OF THE UNIQUE 
f-;RCHITECTUHi, OF THE Q?1~i, IT IS DIFFICULT TO DESIGN EXTERNRL HfiRDWftRE 
iv'iiHOUT UMCsERSTHNDINQ SOME OF THE HfiCHINE CONCEPTS. THE HRRn-WfiRE DESIGNER 
)S PRRTICULRRLV ENCOU.RnGED TO BE FfiniLIftR NITH THE FOLLOWING SECTIONS OF 
IHE HORDWRRE LEVEL USER'S fIRNURL : 

4. 2. 5 E.'KTERNfiL STORE 

4. 2 Sn-;~BIT CONTROL STRUCTURE 

4. 5. 2. 4 EXTERNRL INTERRUPTS 

4. G EKTERNflL INTERFRCE 

-'■ 3 FUNDBMEHTRL TIMINO CONSIDERRTIONS 

5- S DRTR TRFiNSFER FUNCTIONS 

iS- 1 QM-1 I/O SYSTEM.. GENERRL 

8. 2 QM-1 I/O CONTROLS 

8. 3 STRNDRRD CHRNNEL CONTROLLER 

THE PORT SIGNRLS ARE RVRILflBLE THROUGH THE EIGHT PORT CONNECTORS LOCATED 
!;T THE CPU. INTERFACE CARDS THAT HATE WITH THE CPU PORT CONNECTORS ARE 
fiVHlLABLE FROM NRNODATA. THESE CARDS PROVIDE FOR TERMINATION OF THE USER 
CriBLINO TO THE QM-1. AND ALSO HAVE SPACE FOR SOME LOGIC CABLE DRIVERS.. 
R'ECEIVERs.. ETC. IT IS CONCEIVABLE THAT A SIMPLE DEVICE MIGHT HAVE ALL OF 
3TS INTERFACE LOGIC MOUNTED ON THE INTERFACE CARD. THIS LIMITS THE CHANNEL 
•10 ONE SUCH DEVICE. THE INTERFACE CARD IS DESCRIBED IN DETAIl IN SFHTION 
fl--L<. SECTION A-2 GIVES A FULL AND DETAILED DESCRIPTION OF THE PORT SIGNALS 
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THE PORT SIGNALS 



!-l-2. 1 GENCRRL 

.<;.ECTION R-2 IS R DETRILED DESCRIPTION OF THE FUNCTIONRL, ELECTRICRL RND 
•IIHIHG CHRRftCTERISTICS OF THE PORT SIGNALS. THE PORT SIGNRLS RRE SHOWN 
)N FIGURE i. 



f-l 



FUHCTIONRL CHRRRCTERI STICS OF THE PORT SIGNRLS 



■(HE FOLLOWING TRBLE DESCRIBES THE FUNCTIONRL CHRRRCTERISTICS OF THE PORT 
f.'.IONRLS. 

NOTES: 

:i) THE LOGICRL LEVEL IS THE RELRTIVE VOLTRGE WHEN THE SIGNAL IS "TRUE". 

H "LOW" SIGNAL. FOR EKAMPLE.. IS A SIGNAL WHOSE RELRTIVE VOLTAGE IS "LON" 
WHEN IT BECOMES "TRUE". <SEE SECTION A-2. 1 FOR FURTHER DISCUSSION..^ 

2> CAUTION SHOULD BE TAKEN WITH THE DEFINITIONS OF "PULSE" AND "LEVEL". 

BECAUSE OF THE UNIQUE ARCHITECTURE OF QM-l THE PROGRAM HAS FULL CONTROL 
OVER THE PORT SIGNALS. A "PULSE" IS DEFINED AS A SIGNAL THAT IS TRUE FOR 
A RELATIVELY SHORT TIflE. PROGRAMMING CANNOT AFFECT THE WIDTH OR APPEAR- 
ANCE OF A "PULSE". A SIGNAL THAT IS DEFINED AS A "LEVEL" CAN BE MADE TO 
LOOK LIKE A "PULSE". BV ALLOWING THAT LEVEL TO REMAIN CONSTANT FOR ONLV 
ONE T -PERIOD. 

:<:> THE PORT SIGNALS WERE DETERMINED WITH THE NRNODATA STRNDRRD I/O SCHEME IN 
HIND. THE TERM "NORilRLLV USED". THAT OCCURS FREfs'UENTLV IN THE TABLE BELOW. 
REFERS TO ITS USE IN NRNODATA STANDARD I/O CHANNELS. THESE DESIGNATIONS 
NEED NOT BE FOLLOWED BV THE USER. THE USER HAV REDEFINE THE FUNCTIONS AND 
DESIGNATIONS OF PORT SIGNALS TO HIS DEVICE. 



'I) IT IS A NANODATfi CONVENTION THAT THE NAMES OF OUTBOUND SIGNRLS. THOSE GOING 
"FROM" THE CPU. ARE PREFIXED BV AN "F" AND INBOUND SIGNALS. THOSE "TO" THE 
CPU. ARE PREFIXED BV A "T". 
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SIGNALS FROM THE CPU 



SIGHRL HRME 



# OF LINES 



I LOGIC. I 

I LEVEL I 

1 J 

I SIGNRL I 

I TVPE I 



SOURCE 



DESTINRTION 



NOTES 



rDS8-FDS5 I HIGH I CPU G-BUS 
I J 

•'• I LEVEL I ALL PORTS 

rFUNC0-FFUNC5I HIGH I CPU PHRNTOM 

I I BUS 
I J 

'^•' I LEVEL I RLL PORTS 

FXIO I HIGH I XI PRIMITIVE 

•^ I LEVEL I KR SELECTED 

I I PORT 

I I 

I I 

FXIO STROBE I HIGH I XI PRI MI TI VE 

1 I PULSE I RLL PORTS 

I ■ I 

I I 

i^RIO I LOW I RIO PRIMITIVE 

•1- I PULSE I KR SELECTED 

I I PORT 

I I 

'■"lO CLK I HIGH I CPU CLOCK 

i I PULSE I RLL PORTS 



I 

I 

I 
= 1 

I 

I 

I 

I 
= 1 

I 

I 

I 

I 

I 

I 
= 1 

I 

I 

I 

I 

I 

I 
= 1 = 

I 

I 

I 

I 

I 

i = 

I 

I 

I 
1 = 



Six DRTR LINES FROM THE CPU NORMRLLV 
USED RS R DEVICE SELECTION CODE TO 
ROUTE fi COMMHND TO R DEVICE. 

SIX DRTR LINES FROM THE CPU NORMRLLV 
USED TO SPECIFV fl COMMAND. 



"TRRNSMIT I/O" IS R PROGRRMMHGLE LEVEl 
ITS LENGTH .IS DETERMINED BV THE NUMBER 
OF CONSECUTIVE T-PERIODS IN NHICH THE 
XI PRIMITIVE IS RCTIVE. IT IS NOR- 
MRLLV USED TO SELECT THE CHRNNEL TO 
WHICH DfiTR OR COMMRND IS SENT. 

R STROBE PRODUCED DURING EVERV T-STEP 
IN WHICH THE XIO PRIMITIVE IS SPECI- 
FIED. NORMRLLV USED TO STROBE DRTR/ 
COMMRNDS. ITS TIMING IS SUCH THRT 
FDS.. FFUNC RND FDRTR RRE VRLID DURlNr," 
XIO STROBE. 

"RERD I/O" IS USED TO GRTE THE TDRTR 
LINES OF THE KR SELECTED PORT INTO ITS 
PORT REGISTER AND NORMRLLV USED TO 
NOTIFV THE CHRNNEL/DEVICE THRT DRTR 
HAS BEEN RERD. 

R SVNCHRONIZING PULSE PRODUCED ONCE 
EVERV T--STEP INDEPENDENT OF RNV I/O 
CONTROLS. 
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FMC I LOW I CPU "MRSTER I GENERRL MfiSTER CLERR TO RLL QM-i 

I :. CLERR" I HRRDHRRE. 

I T I 

i 1 LEVEL I RLL PORTS I 

FDRine - I HIGH I ERCH PORT I THE FDRTR LINES RRE THE DIRECT OUTPUT?;. 

FDRTRi? I I REGISTER I OF THE PORT REGISTERS. THERE RRE 

I I X EIGHT SETS OF FDRTR LINES, ONE SET FOR 

•18 I LEVEL I EfiCH PORT I ERCH SEPRRRTE PORT. 
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SIGNRLS TO THE CPU 



SIGHRL NRHE 
fi OF LINES 



LOGIC 
LEVEL 

SIGNfiL 
TYPE 



DESTINRTION 



NOTES 



TDflTR8 - 
TDBTf-Vi? 

18 



TID0-TID5 



THTTW DBTH 
IN 



1 

THTTH DftTR 
OUT 



TflTTN 5"rBTUS 



LOW 
LEVEL 

LOW 
LEVEL 



LOW 

PULSE 
LOW 

PULSE 
LOW 

PULSE 



ERCH PORT 
REGISTER 



10 ID ftUX 



: = = =:=: I = 



ONE OF 38 
INTERRUPT 
FLRGS 



ONE OF ~S& 
INTERRUPT 
FLAGS 



ONE OF ':<& 
INTERRUPT 
FLflGS 



THE TDflTfi LINES CONNE 
INPUTS OF R PORT REG I 
EIC3HT SETS OF TDflTR L 
ERCH INDIVIDURL PORT. 
MUST BE USED BV THE P 
GRTE DRTR ON THESE LI 

SIX DRTR LINES WHICH 
THE CPU WITH RN ftUX - 
THERE ARE EIGHT SETS 
SET FOR ERCH PORT. T 
KR SELECTS THE RCTURL 
LINES WILL BE READ. 
NORMRLLV USED RS R DE 
TIf=-V THE INTERRUPTING 






R PULSE ON THIS LINE 
EXTERNAL INTERRUPT LE 
IS CONNECTED. NORfIRL 
THRT INPUT DRTfl IS RV 
LINE FOR ERCH PORT. 



CT TO THE PRESET 
STER. THERE ARE 
INES. ONE SET FOR 
THE FRIO SIGNR!. 
ORT INTERFACE TO 
NES. 

MflV BE READ BV 
:> F r<EG TRANSFER. 
OF TID LINES.. ONi; 
HE LOk' 3 BITS OF 

PORT WHOSE TID 
THESE LINES ARE 
VICE ID TO I DEN- 
DEVICE. 

LATCHES THE 
VEL TO WHICH IT 
LV USED TO SIGNAL 
RILRBLE. ONE 






SAME RS TRTTN DRTR IN. NORHALLV USED 
TO REQUEST DRTR TO BE OUTPUT. 



SRHE AS TRTTN DATR IN. ONE LINE FOR 
ERCH PORT, NORtlRLLV USED TO SIGNRL R 
CHANGE IN STRTUS OF RN EXTERNHL 
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(■]~2. 2 ELECTRICAL SPECIFICRTIONS OF THE PORT SIGNRLS 

flLL DRIVERS RHP RECEIVERS USED BV NRNODRTfi RRE STRNDRRD TTL/ H OR S SERIES. 
l-iaURE 2 DESCRIBES THE TERMINRTION OF SIGNRLS RT THE 9M-1 PORT. RLL SIGNALS 
KUST BE BUFFERED AND TERMINHTED RS SHOWN BV FIGURE i. NOT MORE THAN ONE TTL 
<H SERIES) LORD <2 MR) HAV BE DRAWN FROM ANY PORT OUTPUT. ELECTRICRL SIGNRLS 
RRE DEFINED RS FOLLOWS: 



"HIGH" VOLTAGE 
"LOU" VOLTAGE 



GREATER THAN 2. 7 V. LESS THAN 5. 5 V. 
LESS THAN 8. 4 V, NOT LESS THAN -1. 6 V. 



THESE RRE VALUES SUPPLIED BV THE PORT DRIVERS, AND INTERFRCE DRIVERS MUST 
CONFORM TO THEM. fl SPfiCE IS PROVIDED FOR BUFFERING LOGIC ON THE INTERFACE 
CARD DESCRIBED IN DETAIL IN SECTION R-3:. 

IHPORTRHT NOTE: 



RESISTOR TERMINATIONS SHOWN IN FIGURE 2 WITH AN ASTERISK MUST 
ON THE PORT 9 INTERFRCE CARD. THEV SHOULD NOT BE USED 
IF PORT e IS NOT -USED, AN INTERFRCE CARD WITH 
INSTALLED IN THE PORT 6 CONNECTOR. 



ON 
TERMINATING 



BE INSTALLED 
ANV OTHER PORT. 
RESISTORS MUST BE 
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ri--2. 4 TIMlHTs OF THE PORT SIGNRLS 

! IGURE 3 DESCRIBES THE TIMING OF THE PORT SIGK'RLS RELRTED TO THE OPERRTIONS 
THE SIGNRLS flRE INVOLVED KITH. 

i-.'OTES: 

;: IGURE 2:fl: Tl IS THE F.RRLIEST T-STEP WHERE XIO CRN BE SPECIFIED IF THE DRTR 
LDRDED INTO THE PORT REGISTER IS TO BE VfiLID. 

i- IGURE ::<B: "INTERRUPT" IN FIGURE 3B MRV BE DRTR-IN, DRTR-OUT. OR STRTUS. 
INTERRUPT PULSE TltllNG IS INDEPENDENT OF CPU TIMING RND tIRV 
OCCUR RT RHV TIME. DRTR RND DEVICE ID MUST BE VRLID :158 NRNO- 
SECDNDS FROH THE TRRILING EDGE OF THE INTERRUPT PULSE. SINCE THRT 
IS THE MINIMUM TIME REQUIRED FOR THE CPU TO RESPOND TO THE INTER- 
RUPT. TDRTR MUST. REMRIN VRLID FOR RT LEAST 5 NRNOSECONDS RFTER 
THE TRRILING EDGE OF RIO. SINCE THERE IS NO INDICATION RT THE 
PORT THRT THE ID IS BEING RERD BV TH CPU* ITS HOLD TIME IS 
REFERENCED TO RID. NORMRLLV, RIO WILL RELERSE THE DRTR RND ID. 

JMGURE 3C: F.XIO STROBE TIMING IS SUCH THRT RLL 3 ELEMENTS OF THE COMMRND 

(FUNCTION.. DEVICE SELECT. AND XIO> CRN BE SPECIFIED IN R SINGLE 
T-STEP. 

P IGURE :<D: RN INTERRUPT OF RNV TVPE CRN OCCUR RT RNV TIME <WITH RELRTION TO 
THE CPU TIMING?. THE PULSE WIDTH MUST CONFORM TO THE TIMING 
LIMITS SHOHN. 
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PIN RSSIGHMENTS OF THE PORT SIGNRLS 



DRTi'U-L) 



8 

1 



a 

9 
19 
11 

13 
14 
15 
IG 
1? 



R3 I 

C3 I 

ai9 I 

C:19 I 

Ri3 I 

C13 I 

RS? I 

C27 I 

R4 I 

C4 I 

Rll I 

Cll I 

Rae I 

C29 I 

R28 ' I 

C.28 I 

R5 I 

C5 I 



FDRTR 8 - R32 

1 - C32 

2 ~ H22 

:< - c:<3: 

4 - r:<5 

5 - 025 

6 - R4 2 I FDS 

7 - C42 

8 - R4 4 

9 - C4 4 
R4 5 



2. w — 

11 - 

12 - 

13 - 

14 - 

15 - 

16 - 

17 - 



R3G 

cse 

R3 7 
C37 
R38 
038 



TID<L> e - 



s 

4 

5 



4 - 

5 - 
FFUMC e - 

1 - 

2 - 
" 3 - 

4 ~ 

5 - 



06 

R6 

023 

R29 

021 

R2i 

039 

R33 

048 

R48 

047 

R47 

049 

R49 

041 

R41 

048 

R4e 



FRKKL) - R15 

ID SELEOKL) - fliS 

TflTTH STRTI.IS<L> - R12 

■ff-iTTH DRTH 1N<L) - 012 



FXIO STR 

FIO OLK 

FMOCL) 

TRTTN DRTR OUT<L> 



- R31 

- Ri4 

- 014 
~ 023 



•> 5 V - R9, R26.. fl43 

•• 5 V ~ R7.. 0? 

GHD - 01/ R18.. R34. 052 
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M-:? THE INTERFRCE CftRD 

THE QH-i CPU HAS EIGHT, 156 PIN. FEMfiLE CONNECTORS EACH REPRESENTING fl PORT. 
IHE INTERFRCE CRRD IS fi NRNODRTft STRNDRRD, UN SERIES, WIREWRRP BORRD WITH R 
iB4 PIN HRLE CONNECTOR DESIGNED TO HRTE WITH R PORT CONNECTOR IN THE CPU. THI5.; 
CRRD SIMPLIFIES THE USER''S TRSK OF INTERFfiCING TO THE PORT EV ALLOWING HIM TO 
i-'UT HIS DRIVERS. RECEIVERS, AND RNV LOGIC DIRECTLV IN THE QM~1. THE INTERFRCE 
CRRD IS^ fiVRILP.BLE IN THREE DIFFERENT CONF I GURRT IONS : 

UN 2 - HRS SPACE FOR UP TO SO 14-PIN OR 16-PIN DIPS RND 8 24-PIN 
DIPS. 

UN 2 - HRS SPACE FOR UP TO 12 14-PIN OR 16-PIN DIPS RND 16 24-PIN 
DIPS. 

UN 5 - HAS SPACE FOR UP TO 48 14-PIN OR 16-PIN DIPS. 

HRCH CONFIGURATION HAS R VOLTRGE PLANE.. GROUND PLRNE, 104 PIN CONNECTOR.. RND 
ROOM FOR :< 44~PIN CABLE CONNECTORS CCONT I NENTRL, MMfl 44.'>. +5 VOLT RND -5 VOLT 
SUPPLIES RRE RVRILABLE AT THE PORT CONNECTOR CSEE SECTION A-2. 5>. NOT MORE 
■fHRN 2 AMPS I1AV BE DRRWK FROM THE •^5 VOLT SUPPLY RND NOT MORE THAN ■1P6 MA FROM 
•niE -5 VOLT SUPPLY. \ 

}r THE USER DESIRES, NANODATA CAN SUPPLY INTERFACE CARDS COMPLETELY ASSEMBLED, 
NJRED, RND TESTED TO USER SPECIFICATIONS. 
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B~± CONTROL STORE RDDRESS TRRHSLRTION RND RCCESS PROTECTION 

li!-i. i GEHERRL DESCRIPTION 

THc STRHDBRD CONTROL STORE OF THE QH-i IS R FULLV RERDRBLE/WRI TRELE iS-BIT WIDfi 
^-riRE. IMPLEMENTED IH SEH I CONDUCTOR MEMORV. IT IS fiVRILRBLE IN BLOCKS OF IK 
WCkPS. up TO R HRXIHUM OF 16K WORDS. CONTROL STORE IS PRIMRRILV USED TO HOLD 
MICROPROGRRMS RND TKEIR RSSOCIRTED TABLES RND i40RK RRERS. IT IS.- HOWEVER.- R 
r.OMP! ETEf V QENERRL-PURPOSE MEHORV RND MRV BE USED IH RNV HRV RPPROPRIRTE TO R 
SPECIFIC RPPLiCRTION. FOR SXfiMPLE, CONTROL STORE IS IDERL FOR USE RS fl SCRRTCH 
S^'RD OR CRCHE MEMORV. 

5K' HORMRL OPERRTION. CONTROL STORE IS ADDRESSED FROM ZERO TO THE MRKIHLIM 
INSTALLED MEMORV RDDRESS. RDDRESSES BEVOND THIS RRNGE GENERATE ZEROS FOR THE 
"RERD OS" COIIMRND.. RND CRUSE R HULL OPERRTIOH FOR THE "WRITE CS" COtlSIRND. RNV 
i-KtCUT!NG MICROPROGRRM HRS ACCESS TO THE FULL RRf^GE OF INSTALLED ADDRESSES. 
i-;LL RDDRESSES MUST BE ABSOLUTE R.ND NO PORTION OF CONTROL STORE MRV &E EXCLUDED. 
f^^R HRHV RPPLICRTIONS. THIS MODE OF CONTROL STORE OPERATION IS SUFFICIENT. IN 
PRRTICULRR. USERS EXECUTING R SINGLE MICROPROGRAM STREAM WILL PROBRPLV HRVE NO 
NEED FOR R MORE POWERFUL MODE OF CONTROL STORE OPERRTION. FOR RPPLICRTIONS 
IHflT DO REQUIRE fi MORE POWERFUL CONTROL STORE FRCILITV. THE CONTROL STORE 
RDDRESS TRRHSLRTION RND RCCESS PROTECTION OPTION IS AVfllLRBLE. 



WITH THIS OPTION INSTALLED. MICROPROGRAMS HAVE AVAILRBLE R VIRTUAL RDDRESS 
<;PRCE OF 12SK FOR CONTROL STORE. TRANSLATION HARDWARE MAPS THE ADDRESS 
^.ilPPLIFD BV AN EXECUTING MICROPROGRAM INTO THE ACTUAL ADDRESS SPACE OF i6K 
<MflXIMUM) THAT CORRESPONDS TO THE CONTROL STORE PHVSICALLV INSTALLED ON THE 
HRCHINE. THE ACTUAL RDDRESS SPACE IS DIVIDED INTO 512 WORD PAGESj 22 SUCH 
PRGES EXIST IN THE MAXIMUM CONFIGURATION. THE VIRTUAL ADDRESS SPACE IS ALSO 
DIVIDED INTO 512 WORD PAGES.; 256 SUCH PAGES MRV BE REFERED TO BV A MICRO- 
PROGRRM. 

•fHE TRRNSLRTION BETWEEN VIRTUAL PAGE RND ACTUAL PAGE IS ACCOMPLISHED BV A 
SMALL HIGH-SPEED fiSSOClRTIVE MEMORV CALLED THE ASSOCIATIVE PRGE SELECTOR. THIS 
RUXILIRRV MEMORV IS LORDED BV R CONTROL PROGRAM WHEN CONTROL STORE IS INITIRLLV 
WRITTEN PRIOR TO RELEASING CONTROL TO THE CURRENTLV EXECUTING MICROPROGRAM. 
NOW CONTROL STORE ADDRESSES RRE INDEPENDENT OF THE ACTUAL PAGE RDDRESS RT WHICH 
THE PAGE IS LORDED INTO CONTROL STORE. AN EXECUTING MICROPROQRRM CRN REFERENCIi 
RNV OF ITS CURRENTLV LOADED PAGES. NO CHANGES ARE NECESSARV IN THE NRNO- 
PRIMITIVES USED BV THE MICROPROGRAM. 
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fiHOTHER nUXILIRRV HEMORV CRLLED THE PAGE ACCESS CONTROL HEMORV IS PR'OS'IDED TO 
PERHIT CONTROL OVER 'MHICH PRGES THE CURRENTLV EXECUTING MICROPROGRflh CRN 
RCCIiSS. THIS ME110RV IS RLSO LORDED BV fl CONTROL PROGRRM PRIOR TO IHITIRTION 
OF HICROPROGRflfl EXECUTION. THE PRGE RCCESS CONTROL MEMORV CONTRINS R 2 BIT 
?;.TnTUS CODE FOR ERCH PHVSICRL PRGE OF CONTROL STORE LORDED RND ERCH OF 16 
l^'DSSIBLE PRRTITION NUHBERS. THE CODE riRV BE SET TO SPECIFY: 

NO RCCESS RLLOWED 
RERD RCCESS ALLOWED 
WRITE RCCESS ALLOWED 

FULL RCCESS RLLOHED 

H-f THIS HRV.. CONTROL STORE fIflV BE "PRRTI TIONEO" RS RPPROPRIRTE TO THE TRSK NOW 
BEING EXECUTED. BV R CHBNOE IN THE 4 BIT PRRTITION NUMBER, THE EXECUTING 
liHVIRONMEHT MRV BE COHPLETELV CHRNGED. 

WHENEVER CONTROL STORE RCCESS TO THE SPECIFIED PRGE IS RESTRICTED FOR THE 
CURRENT PRRTITION NUMBER.. OR WHENEVER THE CONTROL STORE PRGE REFERENCED IS NOT 
r'HVSICRLLV PRESENT.. RN RDDRESSING EXCEPTION IS GENERRTED. THIS PERHITS RN 
OPERRTING SV5TEH TO TRKE THE RPPROPRIRTE flCTlON. 

7 HE NEXT TWO SECTIONS TRERT THE DETRILED OPERRTION OF THE CONTROL STORE ADDRESS 
'IRRNSLRTION AND RCCESS PROTECTION OPTION. 
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DETRILED DESCRIPTION OF OPERATION 



NRNOPRIHITIVES FOR RCCESSING CONTt^OL STORE RRE UNCHRNQED. WHENEVER H 
OR "SPRITE 



THE BRSIC 

"RERD OS" OR "SPRITE CS" COMMRND IS ENCOUNTERED, THE CONTROL STORE ADDRESS 

:vELECTIOH GENERBTES RN iS-BIT RDDRESS FOR RCCESSINQ CONTROL STORE <SEE SECTIONS 

4. 2. 4 RHD 5. 4. 2>. THE ONLV CHRNGE INVOLVED HERE IS THE EXTENSION OF THE HPC 
CJi-ERRTIOHS TO R FULL IS BIT RESULT RRTHER THRH TO 16 BITS WHICH SUFFICES WHEN 
THE OPTION IS ?-IOT INSTRLLED. 



THE 18-BIT CONTROL STORE RDDRESS GENERATED RLONG WITH R 4 BIT "PARTITION 
NUHBER" TRKEN FROM THE HIQH ORDER 4 BITS OF FHPC PROVIDE THE NECESSRRV INPUTS 
TO THE CONTROL STORE RDDRESS TRRNSLRTION AND ACCESS PROTECTION HARDWRRE. 
USING THESE INPUTS. THE HARDWARE SHOMN IN FIGURE B-i. 2R EITHER PERMITS ACCESS 
iO THE RCTURL CONTROL STORE LOCATION DESIRED OR GENERRTES R CONTROL STORE 
ADDRESSING EXCEPTION. 



FHPC 
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IHE 4 BIT PARTITION NUMBER TfiKEN FROM THE HIGH 
H PRGE ACCESS CONTROL MEMORV CPRCM> CONSISTING 
f-OR EACH PARTITION NUMBER CONSIST OF 2 CONTROL 
CONTROL STORE PAGE. THESE 2 BITS ARE CODED TO 
i-0LL0W5: 



ORDER 4 BITS OF FMPG IS INPUT TO 
OF 16 BV 64 BITS. THE 64 BITS 
BITS FOR EACH POSSIBLE PHYSICAL 
PERMIT ACCESS TO EACH PAGE AS 



00 - NO ACCESS ALLOWED 
81 - READ ACCESS ALLOWED 

10 - WRITE ACCESS ALLOWED 

11 - BOTH READ AND WRITE ACCESS ALLOWED 

liT THE SAME TIME, THE 8 BITS OF THE CONTROL STORE ADDRESS SHOWN IN FIGURE 
B-i. 2A ARE INPUT TO THE ASSOCIATIVE PAGE SELECTOR <HPS). THESE 8 BITS SPECIFV 
•|HF: VIRTUAL PAGE NUMBER OF ONE OF THE POSSIBLE 256 VIRTUAL PAGES. THE 22 BV S 
BIT ASSOCIATIVE MEMORV PROVIDES A SELECTION FROM ONE OF THE 32 POSSIBLE 
BHVSICRL PAGES OF CONTROL STORE OR INDICATES THAT THE PAGE IS NOT AVAILABLE BV 
^..ELECTING NO PAGE. 



f- IMRLLV, THE "READ CS' 
f-ROM THE PRCM AND THE 
VRLIDATIOH LOGIC UNIT 
<;.PECIFIED IS ALLOWED, 
5^ BITS OF THE CONTROL 
PRGE. 



OR "WRITE CS"" COMMAND.. ALONG WITH THE 64 VALIDATION BIT?.; 
32 PAGE SELECT BITS FROM THE APS ARE INPUT TO THE PAGE 
SHOWN. IF THE VALIDATION BITS SHOW THAT THE ACCESS 
THE PACE SELECT IS SENT TO CONTROL STORE AS THE LOW ORDER 
STORE ADDRESS SIMULTRNEOUSLV SELECT THE WORD WITHIN THE 



}F THE ACCESS IS NOT VALID OR IF NO PAGE SELECT IS AVAILABLE (INDICATING THAT 
•fHE PRGE IS NOT PRESENT IN CONTROL STORE>, AN ADDRESSING EXCEPTION IS 

GENERRTED. 
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e-i. 2 LORDING RUXILIRRV MEMORIES 

BOTH RUKILIflRV HEHORIES INVOLVED IN THIS OPTION RRE LORDED BV MERNS OF RN 
flUXILIRRV RCTION CCrinRHD <SEE SECTION 5. 8. 2X THIS PERMITS RN EFFECTIVE 
CONTROL OVER THOSE MICROPROQRRHS THRT SHOULD NOT HRVE THE RBILITV TO MODIFV THIf 

COHTEHTS OF THE RUMILIRRV HEnORIES. 

)H ERCH CRSE. THE HEflORV RDDRESS IS SPECIFIED BV THE FIPH <PHRNTOH) BUS CSEE 
SECTION 4. 6>. THE DRTR IS PROVIDED RS THE OUTPUT OF THE CONTROL STORE RDDRESS 
SELECTION MECHRNISH <SEE SECTION 5.4.2.1), RND THE flPPROPRIRTE RUXILIRRV RCTIOH 
COtlHBND IS EKECUTED. THE INTERPRETRTI ON RSSOCIRTED WITH ERCH MEMORV IS SHOWN 

BELOW. 



RSSOCIRTIVE TRRNSLRTION MEMORV 



CONTROL STORE RDDRESS 



CELL NUMBER SPECIFIED BV THE FIPH BUS <MODULO 32>. 

!>RTR SPECIFIED BV 8 BITS FROM THE CONTROL 

STORE RDDRESS RS INDICRTED. 

RUKILIRRV RCTION COMMRND 70. BITS 1 



IXI DRTR IXXXXXXMXXI 



8 



PRGE RCCESS CONTROL MEMORV 



CONTROL STORE ADDRESS 



CELL NUMBER SPECIFIED BV THE FIPH BUS <MODULO 16), 
QURRTER CELL RDDRESS BV HIGH 2 BITS OF CONTROL 
STORE RDDRESS RND DRTR FROM THE LOW 16 BITS. 
RUKILIRRV RCTION COMMRND 71. 



DRTR 
16 



-I 
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i:i-i. 4 flPPLlCRTIONS 

THE CONTROL STORE RODRESS TRRNSLRTION RND ACCESS PROTECTION OPTION IS DESIGNED 
rOR THOSE SOPHISTICRTED RPPLICRTIONS THRT REQUIRE R MORE POWERFUL MEnORV 
CRPRBILITY RT THE MI CROPROGRRMMING LEVEL. THE OPTION: 

1. PERMITS SHRRING OF RE-ENTRRNT MICROCODING. 

2. RLLOWS ALL CONCURRENT MICRO-PROCESSES TO HRVE INDEPENDENT ADDRESS 

SPACES. 

3. PROVIDES BASIC CONTROL STORE PROGRAM PROTECTION. 

4. POVIDES CONTROL STORE PARTITIONING BETWEEN 15 INDEPENDENT TASKS. 

5. FACILITATES EFFICIENT. HIGH SPEED, SWITCHING BETWEEN RESIDENT 
MICROPROCESSES. 

rOR THOSE RPPLICRTIONS THRT EITHER REQUIRE, OR CRN MAKE EFFECTIVE USE OF.. ONE 
OR MORE OF THESE CflPRBI LIT I ES.. THE OPTION SHOULD BE INSTALLED. 
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